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Points of view 


ONE OF THELEAST PREDICTABLE Of all factors appears to be the growth 
of trunk telephone traffic in a given territory. This factor is dependent 
on so many intangible influences that it appears to be very difficult for 
even the most well-informed administration to make a realistic assess- 
ment of the expected growth of demand in terms of improved facilities. 
It is therefore difficult to arrive at a correct balance between the initial 
and ultimate capacities of new communications projects. 

It would appear from the limited information available to us that the 
tendency is to under-estimate to a surprisingly high degree the extent to 
which improved communications facilities will be used. When an exist- 
ing system has become outgrown to any substantial extent, one is faced 
with an altogether unrealistic situation in which the difficulty and delay 
in obtaining a telephone connection is such that many alternative ap- 
proaches are used in order to avoid the necessity for making a telephone 
call at all. It therefore appears that the demand for the service is only 
sufficient to justify a limited increase in capacity when relatively limited 
delays are involved , whereas in fact the potential demand for communi- 
cations is several times this amount. 

This is illustrated most pointedly in the case of the first transatlantic 
telephone cable. Very considerable statistical information was at the 
disposal of the British Post Office and US AT & T in determining the cap- 
acity that was to be provided, yet nevertheless even in so short a time as 
a few months after the opening of the cable, it was stated at the Institu- 
tion of Electrical Engineers (January 1957) that the demand had already 
risen to the level predicted for 1965. There may, of course, have been an 
element of novelty in this remarkable up-surge in traffic but it would 
appear that this was not the case to any substantial extent since we be- 
lieve the loading of the cable is now such that it is difficult to get im- 
mediate connection at times when business hours coincide on both sides 
of the Atlantic even though the overall capacity is now several times 
what it was 2 years ago. It seems hard to believe the true extent to which 
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a good service creates its own demand and this, coupled with the large 
expenditures involved, have tended to over-emphasize caution in the 
provision of new facilities to such an extent that, when a new system is 
inaugurated, it is operating to capacity within a very short time, and 
once again frustration and delay sets in. 

The extent of the growth of traffic on trunk networks is obviously 
very much dependent on the state of development of the local telephone 
systems at the terminals, since obviously very high capacity cannot be 
justified in conjunction with only sparse subscriber development. 
Nevertheless, it would appear that the tendency to under-estimate the 
expansion holds for widely differing conditions. A concrete example 
which is known to us concerns the case of communications between two 
well-developed centres separated by some 500 miles. In 1946 on the 
cessation of hostilities communication was provided by 4 channel army 
equipment and at the time it was felt that a permanent network with a 
capacity of 12 channels would be sufficient. Provision was made accord- 
ingly, but even before installation commenced, it could be seen that 12 
channels would be inadequate. Provision was increased to 24 channels 
and, by 1953 to 48 channels. By 1955 the demand had further grown 
and the total availability was increased to 96 channels by duplication. 
By 1956 even this capacity was seen to be inadequate and provision for a 
600-channel system, equipped initially for 240 channels was initiated in 
1957, and will be installed early in 1959. We thus have a multiplication 
by 60 times over a space of 13 years—surely a greater increase than 
could have been envisaged at the outset. 

Statistics of this kind drawn from territories experiencing widely dif- 
ferent conditions would be of value to the people responsible for plan- 
ning networks, not least because it would increase confidence in their 
own estimates of the capacity that should be provided on a long term 
basis. They are, however, difficult to come by, firstly because develop- 
ments normally cover a fair spread of years and secondly because such 
information is not readily available for analysis. 














An Introduction to Telephone 


Channelling 


C. B. WOOSTER, M.B.E, E.R.D, A.M.I.E.E 


The provision of trunk telephone communications by the use 
of radio links entails the use of channelling equipment similar to 
that used on coaxial systems. This article, the first of two, out- 
lines the C.C.1.T.T grouping of channels, upon which such 
systems are based, and outlines the principles governing the 
design of equipment to meet these requirements. The application 
of non-C.C.I.T.T type channelling is also discussed. 


1 INTRODUCTION 
THE EXPLOITATION of radio communication in the VHF and micro- 
wave frequency bands has opened a new era in radio communications, 
permitting the establishment of systems carrying numerous telephone 
channels simultaneously. As system bandwidth has increased, so has 
this new medium been exploited to carry even larger groups of telephone 
channels. 

VHF radio systems perforce operate with go and return channels, 
and they are thus analogous to 4-wire HF cable systems, and similar 
carrier channelling equipment is used to modulate the base band. It was, 
therefore, natural that the early multichannel systems, exploited during 
World War II, should employ the readily available military 1+3 and 
1 +4 cable carrier equipment as telephone channelling. 

The development of broad band linear modulators for the radio equip- 
ment and the steady move to higher frequencies has subsequently deter- 
mined to a large extent the capacity of radio relay systems. In the main, 
conventional Frequency Division Multiplex (FDM) carrier channelling 
equipment is employed, ranging through the stages of 12, 24, 36, 48, 120, 
240 and 600 channels. 

The use of time division multiplex for channelling on VHF systems 
appeared rather attractive at one time, as a relatively compact terminal 
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equipment was possible. The utilization of bandwidth, however, is not 
so efficient as with frequency division multiplex and the technique is un- 
suitable for large groups of channels or for use in cables. In consequence 
it lacks the flexibility of FDM which employs similar channelling equip- 
ment and may readily be integrated with coaxial or cable carrier net- 
works, and its application has been restricted to minor point-to-point 
circuits of limited capacity. It is generally considered that where a 
system capacity in excess of 12 channels is required TDM cannot be 
used advantageously. 

A distinction must be made between ‘telephone channelling’, which 
permits the simultaneous transmission of several speech circuits, and 
‘VF telegraph channelling’ which transmits several telegraph circuits 
over one speech channel. 

2 C.C.1.T.T STANDARDS 

By 1941, radio relay systems had become widely accepted as integral 
elements of international trunk networks, and Administrations planned 
systems in terms of cable transmission practice, to be ‘in accordance 
with C.C.I.F requirements’. Since the 1951 Geneva conference of the 
C.C.I.R, special consideration has, therefore, been given to the detailed 
performance requirements of radio relay systems’. As far as channelling 
equipment is concerned, the requirements are on the lines laid down by 
C.C.I.T.T (formerly by C.C.I.F) for coaxial cable systems. The increasing 
use of radio relay in the build-up of international trunk networks em- 
phasizes the value of conforming to these operational standards. 

It may help in an appreciation of the prescribed C.C.I.T.T groupings of 
channels, and the standard frequencies and levels met at ‘ flexibility ’ or 
interconnection points, to consider briefly the pattern of development of 
carrier telephone systems. 

The first z-channel open wire systems, with a limited channel band- 
width of 300-2 700c/s, were followed by 12-channel high frequency 
cable and open-wire systems. The channels of 300-3 400c/s bandwidth 
on the latter were produced by direct modulation of speech with 12 
carrier frequencies in the 60-108kc/s band, using crystal filters to 
separate the required sidebands. This frequency grouping was prompted 
by the available crystal filter techniques; the modulated 12-channel 
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carrier signal was translated to the 12-60kc/s band to suit the cable 
transmission characteristics. The 12-channel grouping 60-108 kc/s has 
been adopted as an international standard known as a ‘Basic C.C.I.T.T 
12-channel group’. 

Subsequent carrier development has evolved from this basic 
C.C.I.T.T group, a combination of 5 groups being known as a super- 
group. An arrangement of one supergroup translated to the 12-252 kc/s 
band is used on 60-channel systems, and up to 16 supergroups may be 
transmitted simultaneously in the case of 4 Mc/s coaxial cable systems. 

The C.C.I.T.T recommendations for coaxial cable links, such as pilot 
frequencies and levels, are not applicable to radio relay. Channel trans- 
lating equipment requirements are, however, identical, thus permitting 
the interconnection of groups and supergroups between line and radio 
systems. The structure of the C.C.I.T.T channel groupings and typical 
frequency translation equipment are described below. 


3 GROUP AND SUPERGROUP ARRANGEMENTS 
The formation of large blocks of channels always derives from the com- 
bination of five 12-channel 60-108 kc/s groups into supergroups of 60 
channels’, in the 312-552 kc/s band. 
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Fig.1. Build-up of supergroup frequency spectrum 
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Fig.2. Supergroup translation for 60 ch. systems (indicating arrangement 
for 24, 36 or 48 ch. working) 


A basic supergroup is built up by modulating five 60-108 kc/s groups 
with five carrier frequencies spaced at 48 kc/s intervals between 420 and 
612 kc/s as shown in Fig.1, a stage known as group modulation. 

Unfortunately the frequency band 312-552 kc/s is not convenient for 
the direct application to a radio system, and a further stage of modula- 
tion is required to place the signal in the correct part of the spectrum. 

The channelling for a 60-channel system comprises one supergroup, 
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translated to the 12-252 kc/s or 60-300kc/s bands. The choice of fre- 
quency is determined by the nature of the cable interconnecting radio 
and carrier terminals, the nature of any supervisory requirements and 
any provision that is required for expansion. Systems of only 24, 36 or 
48 channel capacity normally employ partially equipped supergroup 
channelling equipment in the band 12-252kc/s, as shown in Fig.2, 
though a direct combination of 2 groups in the 6-54 and 60-108 kc/s 
band may be used for a non-extensible 24-channel system. On systems 
larger than 60-channels, supergroups are translated into the appropriate 
part of the spectrum, as shown in Fig.3, by a stage of supergroup trans- 
lation. In such a case, the first supergroup occupies the 60-300 kc/s band. 
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4 BASE BAND REQUIREMENTS 


It is outside the scope of this article to consider the radio system charac- 
teristics that control system performance for a given channel capacity. 
The bandwidth of the base band does, however, fundamentally deter- 
mine the channel capacity of a system, and a summary of the more 
normal radio system bandwidths is given in Table 1. 








Table 1 
Radio System Frequency Spectrum Channelling Arrangement 
12ch. (VHF) | 6-54kc/s, 12-60kc/s or | Basic Group 
60-108 kc/s 
24ch. (VHF) | 6-54 and 60-108kc/s or | Group combining of 
12-60 and 60-108 kc/s 2 groups 
48 ch. (VHF) | 12-208kc/s Sub-equipped 
Supergroup 
6och. (UHF) | 12-252kc/s or Supergroup 
or (SHF) 60-300 kc/s 
72ch. (UHF) | 12-60 and 60-300 kc/s Supergroup + 
or (SHF) 1 Group 


120ch. (SHF) 
240 ch. (SHF) 
600 ch. (SHF) 





60-552 kc/s 
60-1 052 kc/s 
60-2 540 kc/s 





Supergroups 1 and 2 
Supergroups I-4 


Supergroups I-10 





5 CHANNEL TRANSLATION EQUIPMENT 
The channel translation, or modem (modulator/demodulator) equip- 
ment may be regarded as the heart of any telephone channelling system, 
for this is where the individual audio circuits are converted into carrier : 
channels by amplitude modulation. The subsequent stages of group and : 
supergroup translation also employ similar processes of modulation, 
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Typical telephone channelling installation. Each bay of the first suite is equipped for 24 
channels on the front face. Further channels are located in the back. Common equipment 
is mounted on the other two suites 


filtration, combining, and amplification. It will thus be seen that the bulk 
of equipment at a channelling terminal comprises units having similar 
functions though different frequencies. This facilitates a progressive and 
logical maintenance procedure, as adequate test access points are always 
provided at all stages in a system. 

Twelve speech channels may be placed in the 60-108 kc/s band by one 
or more stages of modulation. The direct modulation arrangement uses 
crystal filters, and systems with two stages of modulation use coil and 
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condenser filters. Both arrangements meet the performance require- 
ments of C.C.I.T.T though a typical double modulation system can 
produce a more linear frequency/attenuation response over the speech 
band, as illustrated in Fig.4. The double modulation system has produc- 
tion and maintenance advantages in that a smaller number of different 
type units and carrier frequencies is involved, and the coil and condenser 
filters used are, in general, more robust. 

A typical double modulation system is arranged with 3 sub-groups 
of 4 channels in the 4-20 kc/s band, which are placed in the 60-108 kc/s 
band by a stage of sub-group modulation. Referring to the schematic 
diagram in Fig.s5, signals from the 2-wire line pass through a 2w/4w 
terminating unit via a pad, to adjust for line levels, to a copper oxide 
rectifier type of ring modulator. The channel modulator is fed with a 
carrier frequency of 8, 12, 16 or 20kc/s, according to the channel in 
question, and the resultant lower sideband is selected by a channel band- 


dB 




































































= "| LIZLIILLLLALLLLLNLLLLINLLL LIM LLL LDL LLL 
f ee ee oe i? 
| WMAlildAlldhAdt Pie 
10 “4 
V, y 
He “77 77777 
2.0 4 w 
q 
1) 
30 i meee 
A 
Y 
40 
5.0 Bs ‘ -r 
300 500 800 1000 1500 2000 2500 3000 3400 


FREQUENCY c/s 


THE SHADED PORTION REPRESENTS 1/3 OF THE C.C.1.T.T. LIMITS 


Fig.4. Typical audio-audio channel quality for Double Modulation Channelling 
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13 
pass filter. The four carrier channels so formed in the bands 4-8, 8-12, 
12-16 and 16-20 kc/s are combined to form a sub-group. The blocks of 
frequencies 4-20 kc/s are then modulated with 88kc/s, 56 kc/s and 72 
kc/s in the case of sub-groups 1, 2 and 3 respectively. The wanted side- 
bands, blocks of 4 channels in the 92-108kc/s, 76-92kc/s and 60-76 
kc/s bands, respectively, are selected by bandpass filters, and combined, 
via a hybrid transformer, to minimize inter-action between the filters 
of adjacent sub-groups. The 12-channel block of frequencies thus pro- 
duced in 60-108 kc/s band is now passed via an amplifier to give an out- 
put to the Group Distribution Frame (GDF) at the C.C.I.T.T level of 
— 37 dB and impedance of 75 ohms. 

In the reverse direction, an incoming group carrier signal from the 
GDF, at a relative level of — 8 dB (C.C.I.T.T) is passed via a hybrid trans- 
former to three sub-group bandpass filters, and thence to the appropriate 
sub-group demodulator (carrier frequencies 88, 72 and s6kc/s as 
before). The wanted lower sidebands (sub-groups of 4-channels in the 4- 
20kc/s band in each case) are passed via low pass filters and low gain 
amplifiers to 3 sets of 4-channel bandpass filters. These filters separate 
the signal into channels 4-8 kc/s, 8-12 kc/s, 12-16 kc/s and 16-20kc/s, 
which are then applied to individual channel demodulators. Here the 
unwanted sidebands are suppressed by low pass filters, and the demodu- 
lated speech frequencies amplified to the required level for extension to 
line or via the 2w/4w hybrid termination to the switchboard. 

The carrier frequencies for these modulation processes are normally 
supplied from a high stability crystal controlled source on a station 
basis. 


6 NON-C.C.1.T.T CHANNELLING 
By accepting a relaxation from full C.C.I.T.T standards, it is possible to 
simplify filters and effect some measure of economy on the cost of 
channelling equipment. 

Some ‘short haul’ systems use narrow bandwidth channelling, cut- 
ting off at 2700C/s instead of 3400Cc/s. Whilst reasonable quality 
speech is obtainable on single links, it is illogical to use circuits of this 
nature for spur systems from a main microwave or coaxial route, as 
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otherwise full advantage cannot be taken of the full C.C.I.T.T band- 
width provided on the main route. The application of such systems 
should therefore be limited to direct point-to-point circuits. 

An alternative approach where economy is particularly important 
is to use a full 3 400c/s channel bandwidth, with a channel spacing of 
6 kc/s instead of 4kc/s. This achieves a significant saving in filter costs 
with no degradation of performance, but at the expense of base band- 
width. A typical system is arranged to give 8-channels in the standard 
C.C.I.T.T 12-channel group spectrum, with a combination of 40 such 
channels as equivalent to a supergroup. Channelling of this type can 
only be integrated with a C.C.I.T.T network if similar equipment is 
used at each end of the circuit, as it is obviously not possible to work an 
8-channel 6 kc/s spaced group into a 12-channel 4 kc/s spaced group. 

Although the internal telecommunication network in America does 
not strictly conform to C.C.I.T.T standards, the 60-108 kc/s group is 
used by the Bell System on channelling for the carrier and microwave 
trunk network in the U.S.A. 


7 CHANNEL TERMINATION 

The audio output and input of the channel modem is 4-wire, and exten- 
sion to a 2-wire junction circuit or switchboard is made via a 2w/4w 
hybrid terminating unit, which introduces a loss of 3 dB in the circuit. 
4-wire working, however, gives higher stability and zero-loss circuits, 
so that wherever possible, the interconnection of channels between 
systems at audio frequencies is made on a 4-wire basis. Similarly, it is 
preferable to extend circuits over long cables between carrier terminals 
and trunk switchboards on a 4-wire basis. 


8 SIGNALLING 
The lack of a physical path for DC over a carrier circuit necessitates 
the use of voice frequency tones for signalling over the system. Features 
of the more usual VF signalling systems are given below : 


8.1 IN-BAND TONE SIGNALLING 
8.1.1 500/20c/s Signalling 
Magneto signalling, using 17-25 c/s tone, is extensively used for trunk 
circuits, to manual switchboards. The classic method of transmitting 
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magneto signals on carrier circuits is to convert the ringing current to 
500 C/s tone interrupted at 20c/s (or 1000C/s interrupted at 20¢c/s in 
America). This 500 c/s tone can then be transmitted in the speech path, 
and detected at the remote terminal with circuits tuned to s00c/s and 
20C/s which are inoperative at any other combination of frequencies, 
thus giving immunity against false operation from speech transients. 
This feature is essential and is known as ‘ voice immunity ’. 


8.1.2 Single Voice Frequency Signalling 

A single tone between 2 000-2 600 c/s may be used with a sequence of 
timed pulse signals to give dialling and supervisory signals for a national 
network.’ Frequencies above 2000C/s are selected to ease the voice 
immunity problem, as the average speech energy content is low in this 
range. The C.C.I.T.T recommended frequency is 2 280c/s. Since the 
tones are passed over the speech path, from end to end of the circuits, 
no impulse distortion is introduced by interconnecting several carrier 
and/or audio sections in the circuit. Similarly, a signalling code must be 
devised to give all the required conditions before a call is set up, or after 
its completion, to avoid interference with speech. The carrier channels 
are normally extended 4-wire to the VF relay sets where the 4w/2w 
terminations are inserted. 


8.1.3 Two Voice Frequency Signalling 
Two VF tones are frequently employed to increase the number of 
trunk signalling facilities.‘ The post-war C.C.I.T.T recommendation is 
now 2040C/s and 2400Cc/s, though the British Post Office system, 
which was established for use with heavily loaded audio cable circuits 
having a cut-off frequency around 2 000 c/s, uses frequencies of 600 c/s 
and 750C/s. 


8.2 OUTBAND TONE SIGNALLING 
Recent advances in filtering techniques enable the introduction of a tone 
lying between the carrier channel and the adjacent carrier frequency 
for signalling. Thus, with 4kc/s channel spacing, and a channel cut-off 
at 3400C/s, the signalling tone is transmitted at 3825C/s. In effect 
each channel has separate speech and signal paths, and voice immunity 
is achieved by filtering. The system has the advantage that simple relay 
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sets without any voice-immunity guard circuits may be used to give 
the magneto, CB or Auto signalling conditions. Integration of outband 
signalling into a switching network does, however, suffer from certain 
limitations. Thus, whilst it is normal practice to effect the tandem con- 
nection of audio channels between back-to-back carrier systems 4-wire, 
without introducing any transmission loss, the same is not applicable to 
outband signalling. Filtering limitations preclude interconnection at 
signal frequency, and the signalling conditions must therefore be con- 
verted from tone to DC by a detector and relay, passing the signal for- 
ward as a DC condition to the next system. The resultant impulse distor- 
tion introduced by the relay restricts the permissible number of tandem 
connections. 

It is convenient to note that an international convention on ‘E and M 
boundary conditions’ between signalling and transmission systems is 
applicable to outband and other VF signalling systems. In this conven- 
tion, the condition from the receive detector relay contact is extended 
to the Exchange on the E wire, and the transmit signal modulator is con- 
trolled by the condition applied to the system on the M wire. 

The channelling system thus has a 4-wire speech and 2-wire signalling 
input from the exchange. 





Typical Group Translating panel (for translating one 60-108 Kc/s group 
to the Supergroup Spectrum ) 
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9 CHANNELLING FOR FORWARD SCATTER SYSTEMS 
The base bandwidths of tropospheric scatter systems are comparable 
with those of VHF multichannel systems, and similar types of channel- 
ling may be employed.’ The degree of fading is greater, however, and 
the use of compandors is advisable to maintain the optimum S/N ratio 
on speech or music circuits. On the other hand, the useful bandwidth of 
ionospheric scatter systems is much more limited, so that circuits are 
normally confined to telegraph working. Direct modulation of the trans- 
mitter with speech in the band 300-3000c/s may be used but no 
channelling equipment would be required. 


10 CONCLUSION 

The channelling equipment used on radio relay systems is identical 
with that used in cable carrier networks, and the increasing integration 
of radio and cable (or wire) systems requires the adoption of inter- 
national standards for equipment characteristics. Although economies 
can be made by relaxing from C.C.I.T.T standards, difficulties may be 
encountered if the system is not limited and self-contained. 

In this article the C.C.I.T.T arrangement of channel groupings has 
been introduced with a description of equipment to produce a 12- 
channel group. 
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cerned with major transmission systems and 
carrier equipment for use on radio. 


BOOK REVIEW 


The Marconi Review Vol. xxi, No. 131 (4th Quarter 1958) 


This issue of The Marconi Review is de- 
voted entirely to the subject of Propagation 
Research. The International Geophysical Year, 
the satellite and outer-space programmes of 
the major powers and the growth of interest 
in the various forms of ‘scatter’ propagation, 
make the timing particularly apposite. 
Marconi’s are one of the very few radio manu- 
facturing organizations in the world to main- 
tain a group devoting its energies entirely 
to the investigation of radio wave propaga- 
tion, and leading members of this group have 
contributed articles to the issue. 

G. Millington gives an extension of the 
classical theory of propagation over a smooth 
spherical earth with standard atmosphere to 
meet the practical case where the atmos- 
pheric refractive index approaches unity 
asymptotically at great heights. In the case 
of elevated terminals, substantially lower 
calculated values of field strength at distant 
points result. G. A. Isted makes two contribu- 
tions; his first is a careful analysis of evidence 
bearing on the part played by meteor activity 
in Ionospheric Scatter Propagation. Mr. Isted 
is of the opinion that this factor may have 
been overstressed and that ‘weather-cloud 
discharges or some other mechanism, as yet 


unidentified, may instead prove to be the 
dominant factor’. His second article deals 
with ‘Round-the-world Echoes’, covering ob- 
servations made during an Ionospheric Scatter 
investigation on 37 Mc/s, and on 20 Mc/s 
signals from the first Russian satellite. He 
suggests that most of the characteristics of 
these echoes may be explained assuming a 
series of shallow angle reflections confined to 
the ionosphere itself, a tilted layer in the F2 
region being invoked additionally in the case 
of ground transmission. G. C. Rider describes 
‘Propagation Measurements at 858 Mc/s over 
paths up to 585 Km’. The series of tests des- 
cribed have extended over a period of 244 
years, and many different facets of Tropo- 
spheric Scatter Propagation have been in- 
vestigated. In the final paper M. W. Gough 
discusses ‘Diurnal Influences in Tropospheric 
Propagation’ illustrated by an analysis of six 
months’ recordings on 80 Mc/s on a non- 
optical path in the Persian Gulf area. 

The reviewer joins wholeheartedly with 
Mr. Millington in his view that propagation, 
being basic to the whole of radio, ‘deserves 
to share something more of the glamour of 
the more spectacular aspects of the field of 
electronic engineering’. M.T. 
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Some Operational Considerations 
Affecting the Use of Automatic 


Error Correcting Equipment on HF 
Telegraph Networks E. G. COPPER* 


Errors are likely to be introduced on telegraph circuits employ- 
ing HF radio links due to distortion arising in transmission. The 
principle of using a constant-ratio code to detect errors, in con- 
junction with an automatic error correcting system, is generally 
appreciated. 

Some of the operational difficulties introduced by such a 
system are discussed; in particular, monitoring, phasing and the 
consequence of using the equipment on long radio links. 


1 INTRODUCTION 

IN RECENT YEARS an increasing number of international telegraph 
circuits have been changed over from high speed Morse traffic to multi- 
channel low speed circuits suitable for teleprinter working. This has 
been largely prompted by the demand for direct TELEX connections, 
where the traffic originates and is received in the subscriber’s office. A 
more recent development is the sub-division of these low speed channels 
on a time-division basis so that they can be shared between a number of 
subscribers; when this is done, one character from each of a number of 
subscribers (for example four) is transmitted in turn along the channel, 
and they are then routed in the correct sequence at the receiving end. 
Each subscriber then has full availability of a channel with a transmis- 
sion speed, in this case, of about 1614 words per minute. 


* Cable & Wireless Limited. 
EDITOR'S NOTE: This article deals with certain aspects of what is already a somewhat com- 
plex subject. The introduction and conclusions have therefore been made rather more 
complete than usual in the hope that together they may interest the general reader. 
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These developments have imposed a need for Telegraph Error Correct- 
ing systems—since error-free copy must be assured and neither the 
radio terminal station nor the central telegraph office can check the 
traffic. 

Error correcting systems have grown up in the course of the past 
twenty years, based mainly on the pioneering work done by Dr. Van 
Duuren of the Netherlands P & T. The 1956 C.C.I.R Conference at War- 
saw gave international sanction to certain characteristics of the systems 
in use with a view to ensuring compatibility. However, although a num- 
ber of manufacturers are marketing automatic error correcting equip- 
ment, new problems in its use continue to arise, and finality to a point 
where full standardization could take place has not yet been reached. 

The British Post Office developed an error correcting system which has 
now been put into production by the Marconi Company. Cable and 
Wireless Limited have been active in developing a series of models, their 
latest version REM (Radio Error-Correcting Multiplex) having been put 
in operation on the Hong Kong-Singapore circuit. This article describes 
some of the difficulties and problems which have been encountered, par- 
ticularly in the operation of the REM equipment, and the means adopted 
for overcoming them. The procedure used for sub-channel phasing, 
which ensures that only the correct traffic is routed to a subscriber, is 
particularly important, as it permits correct re-phasing under traffic con- 
ditions. The same procedure applied to non-divided channels permits 
automatic re-phasing, without ambiguity, after an interruption of trans- 
mission, with no intervention on the part of the operator. As a result of 
this work, proposals recommending international adoption of this pro- 
cedure are being considered. 

Present day teleprinter operation is based on the International Tele- 
printer Alphabet, in which every character is a combination of five 
equal-length marking or spacing (M or S) elements. A permutation of 
five such elements has 2°= 32 possible arrangements. In this code, how- 
ever, errors can be caused by the alteration of an M element into an S 
element, or vice versa, due to a transmission fault. Such errors may be 
frequent on a radio circuit, and cannot be readily detected. 

In order to minimize this possibility, a 7-unit constant-ratio code, in 
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which most mutilations can be automatically detected, is employed over 
radio links. (The 5-unit code signals sent by the caller’s teleprinter are 
converted into 7-unit signals by the transmitting equipment and re- 
converted into 5-unit signals by the receiving equipment.) 

In a 7-unit code there are 2'= 128 possible permutations, of which 35 
consist of three M and four S elements. Only these 35 are used, providing 
the 32 required to correspond to the 32 5-unit code signals, and 3 which 
are used as special signals. 

The 3 special signals are: 

a signal « which transmits continuous start polarity; 

a signal 8 which transmits continuous stop polarity; 

the signal (RQ) which initiates a repetition from the transmitting 
station. 


2 MONITORING 

Errors in a telegraph system can arise due to maladjustment of terminal 
or radio equipment or alternatively, distortion in the propagation 
medium. No automatic system for the correction of errors will distin- 
guish between different sources of distortion, but will correct for all ir- 
respective of origin. If therefore the terminal or radio equipment is not 
operating at optimum efficiency, the effective traffic capacity of the 
system will fall because a proportion of the time will be occupied by 
avoidable repetitions. 

It is therefore desirable to monitor the aggregate signal to ensure that 
the equipment under the control of the operator is operating at optimum 
performance. 

Assessment of the signal’s quality by its readability at 5-unit level is 
only possible at the Central Telegraph Office (CTO) and a different ap- 
proach to this problem is necessary at the intermediate radio stations. 
At the CTO or at the terminal station, in addition to the facility of moni- 
toring the individual channel for readability, the incoming aggregate can 
be assessed by a Telegraph Distortion Measuring Set (TDMS). 

The most effective way to monitor and assess the quality of a signal is 
by automatic means, and to meet this requirement a unit is required 
which measures the distortion of the 7-unit signal, and either gives an 








24 POINT TO POINT TELECOMMUNICATIONS - FEBRUARY I959 


alarm, or records the information that the distortion has exceeded a pre- 
determined amount. This unit, which consists of a short-element counter 
and alarm, monitors the signal, giving an alarm when a pre-determined 
number of signal elements are distorted by an excessive amount. Cable 
& Wireless Ltd. use a device, known as an Automatic Scrutinizer, in 
which the level of distortion which initiates a count can be adjusted, as 
can the number of elements counted before an alarm is given. At the end 
of each interval of one minute, the counter is reset. A recording milliam- 
meter can also be incorporated, and a record made of the circuit con- 
ditions. 

It is recommended that on the installation of automatic error correct- 
ing equipment in a circuit, Received Error and RQ counters are incor- 
porated and an hourly check made. The logging of these figures gives an 
excellent record of the circuits’ efficiency in each direction, and also an 
indication of when it is necessary to change the frequency of the radio 
transmitter. In practice, such a record has brought to light a number of 
minor circuit interruptions which were subsequently very much 
reduced. The technical staff soon became familiar with the various 
operational difficulties which arose, and rapidly recognized them from 
the terminal’s performance. 

At the transmitting and receiving stations, monitoring and adjust- 
ment to equipment affecting signal formation can only be satisfactorily 
achieved with the aid of a TDMS and oscilloscope, the signal being as- 
sessed entirely by the distortion on individual signal elements. Conver- 
sion to 5-unit level at these points is neither practicable nor desirable. 
Where regenerators are available their use will relieve staff of some 
duties, as the Automatic Scrutinizer which can be associated with this 
equipment will give the necessary alarm when attention is required. 


3 REPETITION CYCLE 
The repetition cycle in common use is of 4-character duration and con- 
sists of the repetition signal and 3 repeated characters. Sub-division of 
the main channels is becoming increasingly common practice and sub- 
division by a factor of 4 is usual. In this case the sub-channel distributor 
can be driven from the main equipment at character rate and no diffi- 
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culty arises. On long radio circuits, particularly where considerable 
lengths of landline are involved at the terminals, the minimum duration 
of the repetition cycle is determined by the total loop propagation time, 
including delays arising from landline, VF equipment and delays in the 
terminal itself. In such cases a 4-character cycle is necessary. Neither the 
4- nor the 4-character repetition cycle presents any difficulty when 
using full speed channels, but difficulties arise in associating a 5-charac- 
ter repetition cycle with sub-divided circuits. One solution would be to 
adopt a division into 5 sub-channels, but this gives rise to difficulties on 
two counts; firstly a large quantity of equipment is already in service 
operating on a sub-division of 4, and secondly a 5-character repetition 
cycle is only required in a comparatively small number of cases. The use 
of dual standards would introduce a further problem as it is occasionally 
necessary to re-route traffic at a CTO. Routing a quarter speed channel 
(100 characters per minute) to a one-fifth speed channel (80 characters 
per minute) is liable to give rise to an accumulation of traffic at the re- 
routing point. 

Should a 5-character cycle be adopted in conjunction with a division 
into 4 sub-channels, a loss of sub-channel phase would occur during a 
repetition cycle if the sub-channel distributor continues to operate at 
character rate. If compatibility with existing equipment is no object, it 
is, of course, possible to arrange that the sub-channel distributors omit 
one step on each occasion when a repetition cycle is used, but loss of 
phase can still occur if for any reason an RQ signal is transposed into an 
undetectable error, since the sub-channel distributor at the transmitter 
will pause while the receiving distributor will not. 

These difficulties have given rise to the suggestion that an 8-character 
repetition cycle should be adopted in all cases where a 4-character cycle 
is inadequate and where sub-division is used (i.e., a direct multiple of the 
number of sub-channels). This has gained acceptance in the U.K. and a 
recommendation is being submitted to the C.C.I.R for consideration. 

Such a cycle will comprise a repetition or ‘RQ’ signal plus 7 other 
characters. These may all be from a store, although a maximum of 4 
only are required from consideration of propagation delay. Three ‘pack- 
ing’ characters may thus be used, resulting in some economy in the 
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design of equipment, and also permitting many existing types of equip- 
ment to be adapted to an 8-character cycle. 

The choice of a packing signal is conditioned by consideration of the 
faulty operation that will occur if the transmitted RQ signal suffers a 
transposition and appears as an undetectable error. This is fortunately a 
rare occurrence, but when it occurs, the receiving terminal will not 
cycle but will print the transposed character followed by the remaining 7 
characters of the repetition cycle. If the packing signal used were the RQ 
signal, in these circumstances the receiving terminal would commence 
the repetition cycle one character late, resulting in an RQ signal being 
received after the repetition cycle is completed, thus locking the equip- 
ment in a condition of continuous cycling. Signal « could be used without 
difficulty except when a sub-divided channel is associated with a full- 
speed channel (a not unusual occurrence). In such a case, an 8-character 
repetition cycle is used in each of the two channels, and the acceptance 
of three « signals following the loss of the RQ signal would apply con- 
tinuous ‘start’ polarity in the case of a TELEX connection, falsely indicat- 
ing that the customer had completed his call. However when the signal 
B is used as the packing character, minimum inconvenience is caused, 
since the receiving terminal will only print the transposed character, 
pause, and repeat 4 characters already printed. At the same time, the 
terminal originating the repetition cycle will lose 8 characters from the 
incoming traffic. 

For these reasons the recommended sequence during an 8-character 
repetition cycle is the RQ signal, 3 8 characters and 4 characters from the 
equipment store. It is seen that the use of idle 6 necessitates minimum 
modification of existing equipment in converting to an 8-character repe- 
tition cycle. 


4 PHASING 


When setting up an error-corrected circuit the various sections must be 
phased before the intelligence can be passed, and to achieve this it is 
necessary to synchronize the terminal distributor with the incoming 
aggregate signal. 

Assuming that the two-channel aggregate speed is 100 bauds, each 
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signal element will have a duration of 10 milliseconds. With centre 
point regeneration, any change in path delay in excess of 5 milliseconds 
will cause a loss of phase. A change in delay of this order can frequently 
happen when changing the radio frequency, due to the employment of 
different radio transmitters, receivers and VF telegraph equipment. It 
may also occur when changing diplex channels, due to difference in 
post-detector filters. 

Confusion and loss of phase can also arise if, after a change of fre- 
quency, the signals are accidentally received with reversed polarity. In- 
advertent reversal of signal polarity can arise when a single sideband 
transmitter changes frequency, and also when changing diplex trans- 
mission. 

4.1 CHANNEL PHASE 

Channel A transmits erect characters, but channel B is inverted, the 
aggregate signal thus containing sufficient information for the correct 
routing of traffic. The inversion also provides an overall bias-free signal. 
There are 14 relative positions between the incoming signal and the re- 
ceiver examination circuit, only one of which will consistently satisfy 
the condition that each alternate character possesses 3 mark and 4 space 
elements (channel A) with the remaining characters having a 4 mark: 3 
space characteristic (corresponding to the B channel) thus indicating 
that the equipment is in phase. 

Once correct element phase has been obtained, character phasing is 
achieved by shifting the examination circuits relative to the aggregate 
signal in steps of one element until phase is recognized. In the 2-channel 
system at present in general use, the phase-stepping action can be 
manually operated or effected automatically once per repetition cycle, 
and a sufficient condition for determining true channel phase is that an 
RQ signal is detected during a repetition cycle on each channel. 

When re-phasing following a break in transmission, channel phase 
can be regained automatically by this means. Since a different number 
of phasing steps may have been taken by the 2 terminals in this process, 
it is possible that duplicate printing of not more than 3 characters may 
appear at one end coupled with the omission of up to 3, characters at the 
other. 
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4.2 SUB-CHANNEL PHASE 

If sub-division of the two main channels is employed, it is necessary to 
route the information received from the main channel to the correct sub- 
channels. To permit correct sub-channel phasing, sub-channel Ar is 
transmitted inverted to distinguish it from the remaining sub-channels 
which are transmitted erect; sub-channel B1 is similarly transmitted 
erect (see Fig.1). Once channel phase has been achieved on full-speed 
operation, the terminals are switched to sub-division, and the inversion 
pattern in each main channel must be matched at the receiver by 
manually stepping the sub-channel distributor so that when, for 
example, an A channel character is received inverted it is routed to AI 
sub-channel. Automatic phasing by the element stepping principle out- 
lined in 4.1 is evidently not directly suited to the case of sub-divided 
channels, since, for initial phasing, there is a random relationship be- 
tween sub-channel distributors and, for phasing in traffic, the recogni- 
tion of the RQ signal in both channels is not in itself a sufficient 
criterion for avoiding crossed sub-channels and achieving sub-channel 
phase. 

Present practice, after a break in transmission has led to a loss in 
phase, is to revert to full speed operation, and, after achieving channel 
phase, once again applying sub-division to the channel, phasing sub- 
channels as before. 
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Fig.1. Arrangement of sub-channels 
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4.3 FULLY AUTOMATIC PHASING 
Operational experience shows that it is highly desirable to ensure that: 

(a) Fully automatic phasing should be available when operating a 

sub-divided system. 

(b) Phasing should be possible under traffic conditions. 

(c) During the phasing period there should be no loss of traffic and no 

garbled copy. 

(d) The equipment should not phase on an aggregate signal which is 

received with a reversed polarity. 

A system incorporating completely automatic phasing on sub-channel 
working was installed in one of the Cable & Wireless radio links in 
January 1958, and has given satisfactory service for 12 months. The 
equipment, designed by the Company’s engineers, has since been im- 
proved, and now the phasing period for each terminal has been reduced, 
in general, to less than 20 seconds. 

The first requirement of the system is to lock the relative positions of 
the A and B sub-channels on the transmitter and the receiver. The precise 
relationship is not important but the sequence adopted on existing equip- 
ment, and now suggested for wider acceptance, is A1, B4, A2, Br, Az, 
B2, A4, Bz. This gives the aggregate signal an inversion characteristic 
that is repeated every 8 characters. The receiver searching for phase 
must therefore explore up to 56 alternatives to find correct phase. 

In the process of phasing, channel phase will be obtained in 4 posi- 
tions, only one of which corresponds to correct sub-channel phase. Since 
for sub-channel operation only one sub-channel employs characters in- 
verted relative to normal polarity, an RQ signal (the sole criterion for 
correct phase in current systems) can be correctly recognized in associa- 
tion with errors due to incorrect matching of the inversion pattern as- 
sociated with sub-channel operation. The recognition of an RQ signal is 
therefore not in itself enough to ensure correct sub-channel phase when 
sub-divided channels are being operated. As a result, the search for phase 
is continued until the RQ signal is received, and in addition all other 
characters in the repetition cycle possess the correct mark-space ratio. 
This information is used to stop the search for phase automatically. The 
search can be rapid, since once re-phasing has been initiated, the fact that 
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REM Automatic Error Correcting Equipment, designed by Cable and Wireless Ltd 








4 
ick 
ae 
as 
q 
* 
&3 
ss 
23 
the 
Se 
= 
oe 
| 
FY 
eo 
ae 


a 


Fe eee ee 












USE OF AUTOMATIC ERROR CORRECTING EQUIPMENT 





31 


an error has been detected by the receiver in the course of a repetition 
cycle can be used to omit a step of the receive distributor immediately, 
permitting rapid examination of the 56 positions. The possibility of 
printing garbled copy during the phasing period is very remote because 
of the stringent conditions imposed by testing the complete repetition 
cycle. Since the transmitter feeds forward only when the receiver recog- 
nizes a good character following a repetition cycle, loss of characters is 
prevented and phasing is possible under traffic conditions. 

Some equipments automatically search for phase when both channels 
cycle continuously for a given period. This is possibly desirable where 
minimum attention to the equipment is essential. If, however, the auto- 
matic phasing is switched in manually, the technical operator will note 
the reason for loss of phase and take the necessary action, resulting in 
possible improvement to the circuit efficiency. In the case of a change of 
radio frequency, the technical operator at the receiving terminal will 
request the stations involved to proceed, and then switch the terminal 
equipment to phase automatically. When the signal is restored the ter- 
minal will phase and re-commence traffic. 

Where compatibility with existing equipment is of no consequence 
and the two terminals are of similar design, the locked relationship and 
inversion characteristics employed when channel sub-division is used 
can be utilized for two-channel working, and the advantages which 
apply to sub-channel operation resulting in positive location of in- 
dividual characters would then be retained for full-speed channels, thus 
avoiding any duplications or omissions in the printed copy. 

This system is suitable for use with a 4-character repetition cycle. 
When an 8-character repetition cycle is used, special consideration must 
be given to the inversion characteristics of main or sub-channels. An 
ambiguity may exist in that a 4-channel pattern of inversions is the 
condition for phasing, and as a result the receiver may recognize the 
second half of one repetition cycle and the first half of the next as a com- 
plete repetition cycle, thus giving rise to printed errors in the copy. This 
may be overcome by constructing an 8-character inversion pattern, by 
arranging for only every other Ar and Br sub-channel character to be 
inverted with respect to its nominal polarity. 
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Incorrect phasing of 4-channel equipment is impossible provided an 
agreed relationship exists between all four channels. 


5 CONCLUSIONS 

On most circuits, a 4-character repetition cycle is sufficient to over- 
come the delays due to propagation. The receiver stops printing for the 
time taken to receive 4 characters, after which period it receives a re- 
transmission of the signal which was mutilated. On long radio links, 
however, especially if these involve intermediate relay stations, the 4- 
character period may not be sufficient. When full-speed channels are 
used, a 5-character repetition cycle may be used, but when sub-divided 
channels are employed, an 8-character cycle is preferable because inter- 
national practice involves division into 4 sub-channels, and to maintain 
correct sub-channel distribution during a repetition cycle, it is desirable 
that the number of characters in the cycle be an exact multiple of the 
number of sub-channels. 

The 8-character repetition cycle consists of an RQ signal and 7 charac- 
ters. The 7 characters can be the last 7 transmitted, but since only 4 are 
required from considerations of propagation delay, 3 can be packing 
characters, the most suitable being the idle 8. This requires the minimum 
storage capacity and facilitates modification of existing equipment. 

When two channels, A and B, are operating, channel B is inverted 
(i.e., it is given a 4:3 mark:space ratio), so as to distinguish it from 
channel A. Characters are sent from each channel alternately, the 
resulting aggregate being extremely difficult to monitor by normal 
means. An Automatic Scrutinizer which consists of a short-element 
counter and an alarm, is therefore used. This monitors the signal and 
gives an alarm when, in a given period, a pre-determined number of 
signal elements are distorted by an amount greater than that which is 
considered desirable. A visual inspection of the distortion may then be 
made on a Telegraph Distortion Measuring Set. 

In the receiver, once correct phase for individual elements has been 
achieved, successive 7-element groups are examined for 3 : 4 mark : space 
ratio, followed by 4:3 ratio. Of the 14 relative positions between the 
incoming signal and the inspection circuit, only one will consistently 
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fulfil the above conditions, at which point the equipment is in character 
phase. 

When the main channels are sub-divided, each sub-channel must be 
routed to its appropriate teleprinter. The sub-channels must therefore 
carry some means of identification. On equipment using a 4-character 
repetition cycle this is arranged by sending traffic on sub-channel Ar in- 
verted, A2, AZ and A4 remaining erect (uninverted). Traffic on sub- 
channel Br is sent erect, while B2, Bz and B4 remain inverted. The 
method of phasing evolved by Cable & Wireless Ltd. requires that the 
sub-channels are transmitted in a definite sequence; the one adopted 
being A1, B4, A2, Br, Az, B2, A4, Bz. If the receiver is out of phase, the 
sequence of mark : space ratios will not be in the order anticipated, and an 
automatic phasing device can be switched in. During the phasing opera- 
tion the equipment will transmit repetition cycles continuously, and 
the examining circuit is shifted in steps of one element relative to the in- 
coming signal until the ‘in-phase’ condition is detected. This condition is 
satisfied when an RQ signal is recognized during the repetition cycle and, 
in addition, all other characters in the cycle have the correct mark : space 
ratio. This method allows automatic phasing of sub-divided systems 
under traffic conditions in a period normally less than 20 seconds. It also 
ensures that there are no errors in the copy, no loss of traffic and that it 
is impossible to phase on a signal received with a reversed polarity. 

This system is suitable for use with a 4-character repetition cycle. 
When an 8-character repetition cycle is used, an ambiguity may exist in 
that a 4-channel pattern of inversions is the condition for phasing, and 
as a result the receiver may recognize the second half of one repetition 
cycle and the first half of the next as a complete repetition cycle, thus 
giving rise to printed errors in the copy. This may be overcome by con- 
structing an 8-character inversion pattern, by arranging for only every 
other Ar and Bri character to be inverted with respect to its nominal 
polarity. 

This system of phasing, incorporating a pattern of inversions, can also 
be applied to a full-speed system, permitting auto-phasing on traffic 
without the risk of printed errors at the completion of the phasing 
operation. 
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Training Communications 


Engineers 
R. G. HULSE, B.Sc 


The training both of graduate engineers for ultimate service in 
industry and also of customers’ engineers in specific techniques 
and types of equipment is surveyed in this article. Current trends 
in industrial training are also briefly reviewed. 


1 INTRODUCTION 
THE WIDENING APPLICATION Of complex communications equip- 
ment calls for increasing numbers of highly trained operating and main- 
tenance staff. In addition to the provision of suitable equipment, an 
administration must have in mind from the outset the provision of the 
engineering effort to maintain it in effective operation from the day it 
goes into service. 

Likewise, it is no longer sufficient for a manufacturer to be only the 
supplier of equipment ; he must also be prepared to carry out installa- 
tion, either completely or in conjunction with the customers’ engineers, 
and provide both basic training and instruction in specific equipments 
and techniques on site or in his own training establishment. 

The more important companies, therefore, tend to maintain training 
colleges, since it is only by divorcing the instruction of their own 
students and customers’ engineers from the everyday works and testing 
organizations, that fully effective instruction can be provided. The exist- 
ence of proper internal facilities is also helpful to potential customers, 
since it is only by actual experience in training, gained over a long 
period of years, that ‘rule of thumb’ methods can be replaced by 
planned training programmes in properly equipped training laboratories. 
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Marconi College, Chelmsford 


2 GENERAL 


All engineering training organized and run by industrial firms has only 
one aim, to produce good engineers. No one quite knows what goes to 
make an engineer, although one concrete fact is that the professional 
must spend at least the first 25 years of his life learning his job. So far, 
no industrial organization has attempted to breed and to train its young 
right from the cradle, although there are no doubt certain points in 
favour of such a comprehensive training scheme. At the present time, 
most engineer apprentices receive between two and five years’ indus- 
trial training and experience depending upon the academic course they 
have taken or are taking. 

Internal industrial training given to future employees is only half 
the problem in most large firms, as the obligation to provide formal or 
informal instruction to customers’ engineers is equally important. It 
often happens that the customer’s engineer needs just the same training, 
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in part or whole, as an internal apprentice and so he can in fact take the 
same course. In general, however, courses are required on the user aspect 
of systems, or on particular equipments and must be specially set up for 
this purpose. 

It is the intention here to describe and comment briefly on the pattern 
of industrial training schemes that have been found necessary first for 
the internal training of Company engineers and then for customers’ 
engineers. 


3 INTERNAL TRAINING 
The gap between the academic knowledge received from courses at 
Universities or Technical Colleges and the standard and range of know- 
ledge needed for successful work in an engineering firm is the field for 
industrial training. In Great Britain it is customary for the Graduate 
Apprentice to spend two years immediately following his University 
degree on such training, but Student Apprentices fall into two groups. 
The first group spend about five years in industry, but attend for one day 


Study group on bench experiment work in a typical training laboratory 








38 POINT TO POINT TELECOMMUNICATIONS + FEBRUARY I959 


a week and several evenings at Technical Colleges, where they study for 
an engineering certificate. The second group take part in a new system 
of training which is now getting under way in Great Britain in which 
the students take ‘sandwich courses’ at Technical Colleges over a period 
of approximately four years, spending half this time in industry. 

Although the main purpose of a works-based training should be to 
broaden the general mechanical and electrical knowledge of a trainee 
and to familiarize him with the organization of an industrial firm, it is 
in most cases quite necessary to devote a considerable proportion of the 
two-year period to training in specific technique, such as communica- 
tions engineering. 


3.I THE PATTERN OF TRAINING 
The two-year period has settled down to a fairly commonly accepted 
plan in which the first three months or so is devoted to basic workshop 
training. This is followed by approximately nine months in which 
experience is given in those activities of the Company which are con- 
cerned with the actual production technique and organization. The final 
year is directed towards functional training for a specific post. 

Serious thought is now being given to this initial period, as it is felt 
that much more than routine workshop experience, and training in par- 
ticular skills, is necessary, and some firms are organizing training courses 
on Workshop Technology instead. Similarly, the nine months’ period 
should not be entirely devoted to attachments to the various machine 
and assembly shops, drawings offices, etc., but should involve specific 
project work on the problems of production control and production 
engineering in general, so that apprentices face both technical and or- 
ganizational problems which are stimulating and suited to the trained 
mind. 

The first half of the second year is usually spent on a full-time course 
devoted to the appropriate electronic technique which the apprentices 
will eventually need as development, research or installation engineers. 
Those who have fully decided on production engineering would not need 
such a course, and would spend the time on gaining more experience of 
production. 
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At this stage a decision is taken as to the man’s probable future career 
and the last part of his training, usually called functional training, is 
directed more closely to his future job. Thus a potential development 
engineer will work for six months or so in one or more development 
laboratories. 


3.2 THE PROBLEMS OF TRAINING 

The engineering activities of a Company manufacturing communica- 
tions equipment range over a very wide field and for an individual to be 
capable of holding a responsible post in any branch he would have to 
possess an enormous number of personal and technical qualities at a 
very high level. In addition to a really comprehensive understanding of 
the technical side of his work, an engineer should ideally possess many 
personal qualities of leadership and initiative, together with administra- 
tive ability and more than a little appreciation of the economics of 
industry. 





A typical apprentices’ training centre 
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It is quite safe to assume that the supply of such super men will for- 
ever remain very small and in practice recruits fall short of this ideal in 
different ways. Some possess most of the above qualities to a fair and 
even extent, but others may show some of the qualities to a marked 
degree with a correspondingly lower than average ability in the rest. 

As there are so many different kinds of jobs to be filled and so many 
different types of individuals to fill them, the training scheme needs to 
be flexible and in general should aim to fit each man for the career he 
chooses. In practice it is impossible to lay down a detailed course plan 
for each individual at the commencement of his training for the very 
good reason that in relatively few cases do the apprentices know what 
they would like to do. 

As the essential requirement for realistic post-graduate training is 
adequate practical work, the training should be laboratory-based. A 
really good practical course can be extraordinarily stimulating and ex- 
citing to the student and there is no doubt that it can also, and perhaps 
should be, quite frustrating. Often his circuits do not behave at all in the 
expected manner and if theory does not tie up with practice he learns 
how to amend his theory the hard way. 


4 CUSTOMER TRAINING 

It is in the mutual interest of the manufacturer and user of telecom- 
munications equipment that it should give a satisfactory service through- 
out its life and therefore both sides are equally concerned that the 
standard of maintenance should be high. Reliability and ease of main- 
tenance is very largely the responsibility of the equipment designers and 
certainly a lot of effort is directed successfully to this end, as is indicated 
by the existence of ‘unattended’ stations in communication systems. 
Even so, maintenance effort is still needed, and always will be, whatever 
philosophy of equipment design is used. Due to sheer volume expansion 
and complexity of present and future radio systems, every effort by the 
manufacturer to improve and simplify maintenance problems will slow 
down, but will never stem, the increase in numbers of maintenance 
personnel required. 

This world-wide training problem admits of many partial solutions. 
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Students measuring SWR and learning to Residential hostels enable students from 
match HF aerial systems many parts of the world to appreciate 
each other’s problems 
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Some of these belong to the home country of the user, but the manufac- 
turer has his own very important part to play. He must provide a train- 
ing service to the customer which is sufficiently flexible and extensive to 
suit the varied needs of different countries and organizations. This 
requires him to make available the facilities which he has organized for 
his own engineers and technicians and, equally important, he must estab- 
lish organized and systematic training schemes for customers either 
at his own works or in any country of the world as required. 


4.1 GENERAL ENGINEERING AND TECHNICIAN TRAINING 
Many countries are able to give adequate academic training but, not 
having large industrial firms within their own boundaries, they are less 
able to provide facilities for practical training, and so British industry 
accepts such men for a training course of up to two years which corres- 
ponds very closely to an apprenticeship course given to British university 
graduates. 

In not all countries is it convenient to provide suitable academic 
training and so engineers must be sent abroad for long periods of five 
years or more ; an expensive exercise but vitally necessary. 

The complementary problem for such countries is to produce tech- 
nical assistants to the engineers, a task which presents far greater trouble 
in many cases. It is not only a question of numbers, for social problems 
are usually added to the physical and economic difficulties. The urge 
to become an executive rather than a practical working engineer is wide- 
spread and is, unfortunately, encouraged by sending a technician abroad 
for a training course. On his return, he expects rapid promotion over his 
colleagues which, if denied, may result in dissatisfaction. However, it 
may not be practical to give promotion to executive status, particularly 
if the overseas training has been specifically directed to the maintenance 
of certain types of equipment. 

Some firms can and do help to solve this problem by running appro- 
priate training schools in the country concerned. Firms with well estab- 
lished training schemes and colleges of their own have a real understand- 
ing of the training problems and can plan with first-hand knowledge to 
produce the right mixture of topics, at the right level, and with the right 
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balance of workshop, laboratory and lecture timetables. They are able, 
if required, to plan the accommodation and courses, provide the teach- 
ing staff and the workshop, laboratory and communications equipment 
for training. They can run the scheme completely initially and, when 
appropriate, can gradually hand over the responsibility to the home 
country. Experience has shown that such schemes are realistic especially 
when large numbers of students are involved and when engineering 
training schools in the home country are thinly spread. 


4.2 SYSTEMS TRAINING 
With the increased complexity of communications systems it is becom- 
ing more and more important to ensure that equipments perform 
satisfactorily over long periods and engineers have to be able to detect a 
gradual deterioration. More particularly, they must understand how the 
whole system works and what factors can lead to a loss in performance 
of the system as a whole. Thus the need for teaching ‘systems tech- 
niques’ to engineers certainly exists and courses giving this broad under- 
standing of communications networks are very desirable. They usually 
last for some three months and are generously equipped with examples 


of transmitters, receivers and other typical units, including test gear, 
which serve to illustrate principles and techniques rather than to be 
used solely for equipment training. Once the general principles have 
been grasped and the techniques appreciated, then detailed equipment 
training is straightforward and readily assimilated. 


4.3 EQUIPMENT TRAINING 

When equipment of a new type is sold to a customer he normally has 
to maintain it himself fairly soon after installation. Unless his engineers 
are extraordinarily competent, some form of training is needed which 
may consist of informal instruction given on site during installation or 
immediately after commissioning. Such training is not always adequate 
and should be preceded by formal equipment training courses at the 
manufacturer’s school or works. As far as possible, equipment is diverted 
to the school and used purely for training as this arrangement causes the 
minimum of dislocation. 
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Such equipment courses, attended by trained technicians or engineers, 
must often include an initial phase which is itself a familiarization course 
covering the new techniques used in the new equipments. 


5 CONCLUSIONS 

The extraordinary rate of expansion of radio communication all over 
the world which is now taking place throws very heavy demands on the 
training departments of industry and it seems improbable that any let-up 
will occur for many years. Certainly the complexity of the problem will 
increase as even greater standards of knowledge are required at both 
engineer and technician level. The time which can be spent on further 
training cannot be allowed to increase substantially, and therefore any 
further instruction on specialized techniques or equipment must be short 
and concentrated rather than accomplished by a long period of attach- 
ment to a works organization. This demands the existence of a proper 
training college offering a syllabus specially arranged to meet the par- 
ticular requirements of the different classes of trainee. 
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Als Neuheit bringen wir tibersetzte Kurzberichte von allen Aufsdtzen in diesem Heft, da wir 


glauben, dass dies bei vielen ausldndischen Lesern das Interesse an dieser Zeitschrift steigern wird. 


SEITE 3 
STANDPUNKTE 


Das Anwachsen des Telephonverkehrs, besonders 
zwischen weit getrennten Knotendmtern, ist einer 
der Faktoren in der Fernmeldetechnik, der am 
wenigsten vorhergesagt werden kann. Man neigt 
dazu, die zu erwartende Benutzung zukiinftiger Ver- 
besserungen im Fernmeldeverkehr betrachtlich zu 
unterschatzen, besonders wenn die bestehenden 
Anlagen erheblich zu klein geworden sind. Das 
transatlantische Telephonkabel ist ein Beispiel 
dafiir. Reichliches statistisches Material stand den 
britischen und amerikanischen Behérden zur Ver- 
fiigung und trotzdem hatte der Verkehr bereits im 
Januar 1957, d.h. wenige Monate nach Eréffnung der 
Kabelstrecke, eine fiir 1965 erwartete Dichte 
erreicht und jetzt, zwei Jahre spater, kann man in 
den Hauptverkehrsstunden nicht immer eine freie 
Leitung haben. 

Das Ausmass der Steigerung im Fernverkehr hangt 
von der Entwicklung in den beteiligten Gebieten ab, 
aber es scheint, dass der Hang zur Unterschatzung 
auf stark verschiedenen Griinden basiert. Im Jahre 
1946 wurden zwei Stadte mit einer Entfernung von 
500 Meilen durch militérische Gerate fiir 4 
Kanale miteinander verbunden. Ein  12-Kanal- 
System wurde als ausreichend angesehen. Bevor 
dieses jedoch eingebaut wurde, hat man die Zahl 
der Kandle zunachst auf 24 und spater auf 48 
erhéht. Im Jahre 1955 war die Nachfrage weiter 
gestiegen und die Kanalzahl wurde durch Verdop- 
pelung der Gerite auf 96 erhéht. im Jahre 1956 war 
sogar dies unzureichend. Ein System fiir 600 Kanale 
mit einer Anfangsbestiickung fiir 240 Kandle wird 
Anfang 1959 eingebaut. Das kommt einer 60-fachen 
Vergriésserung in 13 Jahren gleich. 


SEITE 5 


EINE EINFUHRUNG IN DIE 
FERNSPRECH-TRAGERFREQUENZTECHNIK 


von C. B. Wooster 


Im Fernsprech-Weitverkehr iiber Richtfunkstrecken 
werden Tragerfrequenzeinrichtungen bendtigt, die 
den in Koaxialkabel-Systemen benutzten dhnlich 
sind. Die Ausschiisse des C.C.I.R und des C.C.L.T.T 
haben aus diesem Grunde dhnliche Betriebsdaten 


sowohl fiir die Ein- und Ausgangsfrequenzen als 
auch fiir die Pegel empfohlen. Der Geraduschpegel in 
einer Bezugsverbindung soll sowohl fiir Koaxial- 
kabel-Systeme als auch fiir Richtfunkanlagen 
Giiltigkeit haben. 

Die einzelnen Kandle belegen ein Frequenzband 
300-3 400Hz. Gréssere Kanalgruppen k6nnen ge- 
bildet werden, indem die Kanale mit 4kHz Abstand 
zu Gruppen im Frequenzband 60-108kHz zusam- 
mengefasst werden. Diese Gruppen werden dann in 
den gewiinschten Teil des Frequenzspektrums 
umgesetzt. Solche Gruppen mit je 12 Kanalen 
werden dann zu Ubergruppen mit je 60 Kandlen im 
Frequenzband 312-552kHz zusammengefasst. Zur 
Verwendung in Funksystemen werden diese Uber- 
gruppen in eine gewiinschte Frequenzlage um- 
gesetzt. Zum Beispiel wird in einem System fiir 60 
Kanile eine Ubergruppe in eins der Frequenz- 
bander 12-252kHz oder 60-z00okHz umgesetzt, 
wahrend in grésseren Systemen Ubergruppen in 
andere Frequenzbander versetzt werden und in der 
gleichen Art zusammengefasst werden wie in 
Koaxialsystemen. Dies wird in Abbildung 3 und 
Tabelle I veranschaulicht. 

Die Vereinigung von 12 Kandlen zu einer Gruppe 
im Frequenzband 60-108kHz kann durch eine oder 
zwei Modulatorstufen erreicht werden und findet 
im Kanalumsetzer statt. Einzelne Modulations- 
systeme benutzen Kristallfilter und 12 Trdager- 
frequenzen im Frequenzband 60-108kHz. Ein 
typisches System mit doppelter Umsetzung, wie in 
Abb. 5 gezeigt, benutzt Tragerfrequenzen von 8, 
12, 16 und 20kHz zur Bildung von Vorgruppen mit 
je 4 Kandlen im Frequenzband 4-20kHz. Drei solche 
Vorgruppen werden nochmals umgesetzt und zu 
einer Gruppe im Frequenzband 60-108 kHz vereinigt. 
Systeme mit doppelter Umsetzung haben. ihre 
Vorziige in der Herstellung und Wartung, weil 
weniger verschiedenartige Einheiten und Trager- 
frequenzen benGétigt werden und weil die im all- 
gemeinen verwendeten Filter mit Spulen und 
Kondensatoren robuster sind als Kristallfilter. 
Sowohl Systeme mit einfacher Umsetzung als auch 
solche mit doppelter Umsetzung erzeugen 12- 
Kanalgruppen, die den Anforderungen des C.C.1.T.T 
gerecht werden. Allerdings hat das System mit 
doppelter Umsetzung eine mehr lineare Frequenz/ 
Pegel-Kurve innerhalb des Sprachbandes, wie in Abb. 
4 veranschaulicht wird. 
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12-Kanalgruppen werden in Gruppenumsetzern in 
der Frequenz versetzt und zu Ubergruppen vereinigt. 
Diese Ubergruppen selbst werden nach Bedarf im 
Ubergruppenumsetzer nochmals in der Frequenz 
verlagert. Die Tragerfrequenzen fiir diese Frequenz- 
umsetzungen werden von einem Quarzoszillator 
hoher Konstanz erzeugt, der die ganze Station ver- 
sorgt. 

Wegen des Fehlens von Gleichstromkreisen auf 
Tragerfrequenzverbindungen muss eine Wechsel- 
strommethode fiir die Signaliibermittlung benutzt 
werden. Diese Wechselstromsignale miissen inner- 
halb der fiir jeden Kanal vorgesehenen Bandbreite 
von 4kHz liegen und kénnen entweder als Téne im 
Sprachfrequenzband 300-3400Hz iibertragen wer- 
den oder liegen als Tonfreqeunzen zwischen dem 
Tragerfrequenzkanal und dem nichsten Trager 
(d.h. zwischen 3-4kHz und 4kHz, gewoéhnlich wird 
3825Hz benutzt). 

Das einfachste Tonfrequenzsystem benutzt eine 
Frequenz von s500Hz mit 20Hz Unterbrechungen, 
um mittels eines abgestimmten Schutzkreises Schutz 
gegen sprachfrequente Nachahmungen gewéahrleis- 
ten zu kénnen. Andere kompliziertere Tonfrequenz- 
Signalsysteme mit Einfachton und Doppelton 
werden augenblicklich in den meisten Weitverkehrs- 
netzen benutzt. In diesen Tonfrequenzsystemen 
wird eine Unempfindlichkeit gegen Sprachfrequen- 
zen sowie eine Zeichenunterscheidung durch 
abgestimmte Kreise und verschiedene Langen der 
Zeichenimpulse erreicht. Derartige Systeme eignen 
sich zur Ubertragung von komplizierten Zeichen- 
kombinationen. 

Signalsysteme mit Zeichenfrequenzen ausserhalb 
des Sprachbandes vermeiden das Problem des 
Schutzes gegen Sprachfrequenzen durch Trennung 
der Zeichenfrequenzen von den Sprachkandlen 
mittels Filter. Da die Zeicheniibertragung nicht 
mehr im Sprachkanal erfolgt, werden die Zeichen 
bei der niederfrequenten Durchschaltung von 2 
Kandlen in einem Gleichrichter in Gleichstrom- 
impulse umgewandelt und als solche an das andere 
System zur erneuten Modulation weitergegeben. 
Dies ist ein Nachteil, da Impulsverzerrungen ein- 
treten kénnen und weil dadurch die Zahl der 
aufeinanderfolgenden Umsetzungen ohne Impuls- 
regeneration beschrankt wird. Dieses spezielle 
Problem tritt bei Einfachton- und Doppelton- 
Systemen nicht auf, da die Zeichenumwandlung 
von Tonfrequenz auf Gleichstrom auf die Endstellen 
beschrankt bleibt. 

Die Kosten fiir Tragerfrequenzgerate in Funkver- 
bindungen kénnen etwas erniedrigt werden, wenn 


man von den Kanal- und Gruppennormen des 
C.C.1L.T.T abgeht. In manchen Netzen ist das Sprach- 
band auf 2700Hz beschrankt. Eine andere attrak- 
tive Lésung ist die Vergrésserung des Tragerab- 
standes von 4 auf 6kHz unter Beibehaltung des 
C.C.LT.T-Sprachbandes 300-3400Hz. In _ solchen 
Systemen kénnen 8 Kanile in normalen Gruppen- 
bandern untergebracht werden und diese kénnen 
durch herkémmliche Gruppenumsetzer und Uber- 
gruppenumsetzer an Funksysteme weitergegeben 
werden. Gleiche Typen von Tragerfrequenzgeraten 
werden in diesem Falle an jedem Ende des betreffen- 
den Systems bendtigt. 

Obwohl das Weitverkehrsnetz in den Vereinigten 
Staaten nicht genau den C.C.1.T.T-Normen folgt, 
benutzt das Bell-System 12-Kanalgruppen im Fre- 
quenzband 60-108kHz in seinem Mikrowellen- 
Richtfunknetz. 

Eine der beschriebenen Ausfiihrung 4hnlichen 
Type von Fernsprech-Tragerfrequenzgeraten wird in 
Funkverbindungen mit tropospherischer Streustrah- 
lung benutzt, allerdings wird wegen des Auftretens 
grésserer Schwunderscheinungen die Benutzung von 
Compandern (zur Kompression und spateren Ex- 
pansion der Sprachpegel) empfohlen. Funkverbin- 
dungen mit ionospherischer Streustrahlung sind in 
ihrem Fassungsvermégen mehr eingeengt und 
benutzen nur spezielle Gerate fiir Telegraphie mit 
Frequenzumtastung. 

Der Gebrauch von Zeitmultiplex-Geraten auf 
UKW-Funkstrecken schien einmal attraktiv zu sein, 
da gedrungen gebaute Endstellengerite médglich 
waren. Diesem System fehlt jedoch die Anpassungs- 
fahigkeit der Frequenzmultiplexverfahren und 
seine Anwendung blieb auf kleinere feste Verbin- 
dungen beschrankt. 


SEITE 21 


EINIGE BETRIEBSTECHNISCHE UBERLEGUNGEN, 
DIE DEN GEBRAUCH VON GERATEN MIT 
AUTOMATISCHER FEHLERKORREKTUR AUF 
KURZWELLEN TELEGRAPHIEVERBINDUNGEN 
BEEINFLUSSEN 


von E. G. Copper 


Fiir den Telegraphieverkehr iiber Funkverbindungen 
werden ‘geschiitzte’ Zeichen in steigendem Masse 
verwendet. Diese Zeichen sind so beschaffen, dass 
Fehler durch schlechte Ubertragungsbedingungen, 
die sonst nicht erkannt werden, festgestellt werden. 
Der meistverbreitete Code benutzt 7 Schritte pro 
Zeichen, 3 Zeichenschritte und 4 Trennschritte. 
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Daraus ergeben sich 35 Permutationen, von denen 
32 fiir die Zeichen des internationalen Fernschreib- 
codes, eine fiir das Riickfragezeichen (RQ) und der 
Rest (¢ und §) fiir die Fehlerkontrolle benutzt 
werden. Wenn irgendeine Kombination, die von 3 
Zeichenschritten und 4 Trennschritten abweicht, 
empfangen wird, dann wird das als Ergebnis von 
Verzerrungen wahrend der Ubertragung angesehen 
und eine Riickfrage kann eingeleitet werden. 

Heutzutage ist man bestrebt, einzelne Schnell- 
telegraphiekandle durch eine Anzahl von 50-Baud- 
Fernschreibkandle in Multiplexschaltung zu erset- 
zen. Vielfach ist die durchschnittliche Telegraphier- 
geschwindigkeit viel geringer und aus diesem 
Grunde werden gemeinsam benutzte Kandle mit 
halber oder viermal kleinerer Geschwindigkeit 
immer mehr benutzt. 

Bei Sendung mit einer Telegraphiergeschwin- 
digkeit von so Baud geniigen 4-Zeichen-Zyklen 
zwischen jeder Riickfrage zur Beriicksichtigung der 
Verzégerung. Allerdings kann es auf langen Funk- 
verbindungen, besonders aber im Falle von da- 
zwischenliegenden Relaisstellen, vorkommen, dass 
die Zeit fiir 4 Zeichen noch unzureichend ist. Bei 
Schnelltelegraphierkanaélen kann ein Wieder- 


holungszyklus mit 5 Zeichen benutzt werden. Bei 


Benutzung von unterteilten Kandlen wird ein 
Wiederholungszyklus mit 8 Zeichen bevorzugt (da 
es internationaler Brauch ist die Kanale in 4 Unter- 
kanale zu teilen. Zur Aufrechterhaltung einer 
genauen Unterkanalverteilung wahrend eines 
Wiederholungszyklusses muss die Anzahl der 
Zeichen pro Zyklus ein ganzzahliges Vielfaches der 
Anzahl von Unterkandlen sein). Der Empfanger 
unterbindet das Drucken der notwendigen Zahl von 
Zeichen und empfangt danach und druckt dann die 
Wiederholung des verzerrten Zeichens. 

Der Wiederholungszyklus mit 8 Zeichen besteht 
aus einem RQ-Signal und 7 Zeichen. Die 7 Zeichen 
kénnen die 7 zuletzt gesendeten Zeichen sein. Da 
aber nur 4 Zeichen vom Standpunkt der Uber- 
tragungsverzégerung aus gesehen bendtigt werden, 
kénnen drei von ihnen ‘Fiillzeichen’ sein, wofiir 
sich das iiberfliissige 8 bestens eignet. Fiir diese 
Anordung benétigt man die kleinste Speicherkapa- 
zitat und die Umanderung vorhandener Gerate wird 
dadurch erleichtert. 

Wenn zwei Kanile, A und B, betrieben werden, 
dann ist der Kanal B umgekehrt (d.h. ein Zeichen-/ 
Trennschritt-Verhaltnis von 4:3), um ihn vom 
Kanal A unterscheiden zu kénnen. Die Zeichen jedes 
Kanals werden abwechselnd gesendet. Das sich 
ergebende Gemisch kann mit normalen Mitteln nur 


sehr schwer abgehért werden. Ein automatisches 
Priifgerat, welches aus einem Schrittzahler und 
einer Alarmeinrichtung besteht, wird aus diesem 
Grunde benétigt. Hiermit werden die Zeichen 
tiberwacht und Alarm wird gegeben, wenn in einer 
gegebenen Zeit eine vorher bestimmte maximale 
Zahl von verzerrten Schritten um mehr als einen 
annehmbaren Betrag iiberschritten wird. Eine Sicht- 
kontrolle der Verzerrungen kann mit einem Tele- 
graphie-Verzerrungsmesser durchgefiihrt werden. 

Wenn einmal eine genaue Phasenlage der ein- 
zelnen Schritte im Empfanger erreicht ist, werden 
aufeinanderfolgende 7-Schritt-Gruppen auf ein 
Zeichen-/Trennschritt-Verhaltnis von zundchst 3:4 
und dann 4:3 untersucht. Von den 14 méglichen 
Lagen des ankommenden Signals relativ zur 
Priifschaltung wird nur eine dauernd die angefiihrte 
Bedingung erfiillen und in dieser Lage ist der 
richtige Gleichlauf des Gerites erreicht. 

Nach der Unterteilung der Hauptkandle wird 
jeder Unterkanal dem entsprechenden Fernschreiber 
zugeleitet. Aus diesem Grunde miissen die Unter- 
kanile mit Unterscheidungsmerkmalen versehen 
sein. Bei Benutzung von Geradten mit einem Wieder- 
holungszyklus von 4 Zeichen wird dies dadurch 
erreicht, dass der Unterkanal Ar seitenverkehrt 
gesendet wird, wahrend die anderen Unterkanidle 
A2, Az und A4 in Normallage bleiben. Der Unter- 
kanal Br bleibt ebenfalls in Normallage, wahrend 
die Unterkandle B2, Bz und B4 seitenverkehrt sind. 
Die Cable & Wireless Gesellschaft hat ein System 
fiir automatische Phaseneinstellung im Betrieb 
erdacht, welches eine Ubertragung der Unterkandle 
in bestimmter Folge verlangt. Die eigentliche 
Zuordnung ist nicht wichtig, muss aber genormt 
sein. Die angenommene Form ist: Ar, B4, A2, B1, 
Az, B2, A4, Bz. Wenn der Empfanger nicht mehr 
im Gleichlauf ist, dann entspricht die Folge der 
Zeichen-/Trennschritt-Verhaltnisse nicht mehr der 
zu erwartenden und eine automatische Phasen- 
reguliereinrichtung kann eingeschaltet werden. 
Wahrend der Phasenregulierung werden dauernd 
Wiederholungszyklen gesendet und der Priifkreis 
schaltet jeweils einen Schritt relativ zum empfan- 
genen Singal weiter, wenn ein Fehler empfangen 
wird, bis schliesslich Gleichlauf festgestellt wird. 
Dieser Zustand tritt ein, wenn wahrend des Wieder- 
holungszyklusses ein RQ-Signal erkannt wird und 
wenn alle anderen Zeichen im Zyklus das richtige 
Zeichen-/Trennschritt-Verhaltnis haben. Diese 
Methode erlaubt eine automatische Phasenregulier- 
ung wahrend des Betriebes in unterteilten Systemen 
innerhalb eines Zeitraumes von normalerweise 
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weniger als 20 Sekunden. Mit dieser Methode wird 
ausserdem sichergestellt, dass keine Fehler in der 
Abschrift vorkommen, dass kein Verkehrsverlust 
entsteht und dass es unmdglich ist, den Gleichlauf 
mit einem mit umgekehrter Polaritat empfangenen 
Zeichen herzustellen. 

Dieses System eignet sich fiir Wiederholungs- 
zyklen mit 4 Zeichen. Bei Benutzung eines Wieder- 
holungszyklusses mit 8 Zeichen kann eine Mehrdeu- 
tigkeit dadurch entstehen, dass ein 4-Kanal-Muster von 
Umkehrungen als Gleichlaufbedingung angesehen 
wird und folglich kann der Empfanger die letzte 
Halfte eines Wiederholungszyklusses von 8 Zeichen 
und die erste Halfte des nachst folgenden als voll- 
standigen Zyklus ansehen, woraus sich Druckfehler 
ergeben kénnen. Dem kénnte durch den Entwurf 
eines 8-Zeichen-Umkehrmusters begegnet werden, 
d.h. durch die Umkehr von jedem zweiten Ar und 
Bi Zeichen im VerhAltnis zur natiirlichen Polaritat. 

Dieses System der Phasenregulierung mit 
Umkehrschemas kann ebenfalls auf Systeme mit 
voller Telegraphiergeschwindigkeit angewendet 
werden. Dies erlaubt eine automatische Gleich- 
laufeinstellung wahrend des Betriebes und dies ohne 
Gefahr fiir Druckfehler am Ende der Gleichlauf- 
regulierung. 


SEITE 35 


DIE AUSBILDUNG VON 
FERNMELDEINGENIEUREN 
von R. G. Hulse 


Sowohl die Hersteller als auch die Benutzer von 
Fernmeldegeraten sind daran interessiert, dass die 
Anlagen fiir die Dauer ihres Bestehens zufrieden- 
stellend arbeiten. Aus dem gleichen Grunde sind 
beide Seiten darauf bedacht, dass ein hoher Standard 
in der Geratepflege erreicht wird. Viele Lander 
kénnen eine hinreichende akademische Ausbildung 
vermitteln, aber es fehlen ihnen die Méglichkeiten 
der praktischen Ausbildung. Die britische Industrie 
nimmt Leute fiir Ausbildungslehrgange von bis zu 
zwei Jahren Dauer auf, um ihnen praktische tech- 
nische Erfahrungen zu geben. 
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Nicht in allen Landern kann eine passende 
akademische Ausbildung in den Lehrplan der 
bestehenden Mittel- und Hochschulen aufgenom- 
men werden. Anstatt nun die Techniker fiir 
Zeitrdume von fiinf oder mehr Jahren (besonders 
zum Zwecke der Ausbildung als technische Assis- 
tenten) ins Ausland zu schicken, zieht man es oft 
vor, die Hilfe der britischen Industrie bei der 
Einrichtung entsprechender Schulen in dem betref- 
fenden Land in Anspruch zu nehmen. Firmen mit 
eigenen und gut eingearbeiteten -Ausbildungs- 
lehrgangen und Schulen haben volles Verstandnis 
fiir die Probleme und kénnen auf Wunsch ganze 
Lehrgange einrichten und gegebenenfalls die Ver- 
antwortung fiir solche Lehrgange im Laufe der Zeit 
dem Heimatland tibergeben. 

Wenn ein Kunde Gerate einer neuen Type kauft, 
dann ist eine Ausbildung in irgendeiner Form 
angebracht, um die Techniker und technischen 
Hilfskrafte des Kunden mit der neuen Technik und 
mit den einzelnen, den Gerdten eigenen, Problemen 
vertraut zu manchen. Obschon eine Ausbildung am 
Ort der Aufstellung von Nutzen sein kann, muss der 
Hersteller doch in manchen Fallen Gerateausbildungs- 
kurse einrichten. Bei der steigenden Kompliziert- 
heit der Fernmeldesysteme entsteht ein dringender 
Bedarf fiir Lehrgange in ‘Systemtechnik’. (Kurse 
dieser Art dauern gewohnlich etwa drei Monate und 
eine reichliche Auswahl an Lehrmitteln fiir eine 
realistische Ausbildung und zur Vermittlung von 
Erfahrung mit typischen Geraten steht zur Ver- 
fiigung.) 

Die augenblickliche, aussergewéhnlich rapide 
Erweiterung der Nachrichtennetze auf der ganzen 
Erde stellt sehr grosse Anforderungen an die Aus- 
bildungsabteilungen der Industrie und eine Erleich- 
terung ist iiber viele Jahre hinaus nicht zu erwarten. 
Sicherlich wird die Schwierigkeit des Problems noch 
anwachsen, da ein immer grésseres Wissen sowohl 
von den Technikern als auch von den technischen 
Hilfskraften verlangt wird. Die produktive Zeit im 
Leben eines Technikers kann wohl kaum auch nur 
um den geringsten Betrag gekiirzt werden und die 
Lehrgainge sowohl fiir akademische als auch prak- 
tische Arbeiten miissen sorgfaltig geaindert anstatt 
verlangert werden. 





a ere 
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Como rasgo nuevo, publicamos restiimenes en espafiol de los articulos que aparecen en esta 
edicién, en la esperanza de que merecerdn el interés de muchos lectores en ultramar. 
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PUNTOS DE VISTA 


El aumento en el trafico de comunicaciones tele- 
fénicas a gran distancia, en especial entre lugares 
muy apartados, es uno de los factores mas dificiles 
de predecir en telecomunicaciones. La tendencia 
parece ser la de estimar muy bajo el uso que se 
hard de mejoras introducidas, en particular cuando 
son muy insuficientes las facilidades existentes. El 
cable telefénico transatlantico es un ejemplo de 
esto. Las autoridades Britanica y Americana poseian 
un gran caudal de informacidn estadistica y sin 
embargo en Enero de 1957, pocos meses después de 
haberse inaugurado el servico, la demanda habia 
alcanzado el nivel predicho para 1965, y ahora 
solamente dos afios mds tarde no es siempre posible 
obtener servicio inmediato durante las horas de 
trafico pesado. 

El estado del desarrollo de los lugares enlazados 
por un sistema de comunicaciones a gran distancia 
tiene su efecto en el progreso de éste, pero al 
parecer la tendencia de estimar muy bajo existe 
para condiciones muy diferentes. En el afio 1946, 
un circuito empleando un equipo de ejército de 4- 
canales enlazaba dos ciudades 800Km aparte y se 
pensaba que un sistema de 12-canales_ seria 
suficiente, pero alin antes que éste fuera instalado, 
se aumenté la capacidad del sistema primero a 24 y 
después a 48 canales. En 1955 se dobl6 la capacidad 
del sistema debido a las exigencias del trafico. Para 
el afio 1956, alin esto resulté inadecuado y a prin- 
cipios del afio 199 se instalard un sistema de 600 
canales que fué originalmente equipado para 240 
canales, resultando esto en un aumento de 60 veces 
mas en 13 aiios. 
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INTRODUCCION A LA CANALIZACION 
TELEFONICA 


por C. B. Wooster 


La provisién de comunicaciones telefénicas a gran 
distancia por medio de retransmisoras de radio re- 
quiere el uso de equipos de canalizacién similares a 
los que se emplean en los sistemas de cable coaxial. 
Por consiguiente, la C.C.I.R y la C.C.LT.T han 
recomendado que, con respecto a frecuencias y 


niveles de los puntos terminales as{ como también 
del ruido sobre un circuito t{pico, los dos sistemas 
deben conformar a normas andlogas de rendi- 
miento. 

Canales individuales ocupan la gama de 300 a 
3400 ciclos. Estos canales pasan por dos etapas de 
modulacién antes de formar grupos de 12 canales 
ocupando la gama de 60 a 108Kc/s con separacién 
de 4Kc/s. Cinco de estos grupos se transfieren en 
frecuencia para formar un supergrupe de 60 canales 
ocupando la gama de 312 a 552Kc/s. Generalmente 
es necesario transferir estos supergrupos en fre- 
cuencia antes de aplicarlos a los sistemas de radio. 
As{ es que en un sistema de 60 canales, el super- 
grupo se transfiere a la banda de 12 a 252Kc/s 
0 a la de 60 a 300KC/s, mientras que en los sistemas 
que contienen mas de un supergrupo, se transfieren 
y se combinan éstos de la misma manera como en 
los sistemas coaxiales, tal como se indica en la Fig.3 
y la Tabla I. 

El agrupamiento de 12 canales dentro de la 
banda de 60 a 108Kc/s se obtiene por medio de una 
o dos etapas de modulacién, y se efectua en el 
equipo ‘modem’ (modulador-demodulador) de cana- 
lizacién. Sistemas simples de modulacién emplean 
filtros a cristal y doce frecuencias de portadora en 
la banda de 60 a 108Kc/s. Un sistema t{pico de 
doble modulacién como el que se ilustra en la 
Fig.s, emplea frecuencias de portadora de 8, 12, 16 
y 20Kc/s para producir sub-grupos de 4 canales en 
la banda de 4 a 20Kc/s; entonces tres de estos 
sub-grupos son modulados y combinados para 
formar un grupo en la banda de 60 a 108Kc/s. Los 
sistemas de doble modulacién tienen ventajas en la 
fabricacién y mantenimiento debido a que com- 
prenden un nimero menor de diferentes tipos de 
unidades y de frecuencias de portadora, y en 
general los filtros con bobinas y condensadores que 
emplean son mas robustos que los de cristal. Estos 
dos sistemas de modulacién producen grupos de 
doce canales en conformidad con los requerimientos 
de la C.C.L.T.T, aunque, como se ilustra en la Fig.4, 
el sistema de doble modulacién da una respuesta 
frecuencia/atenuacién mas lineal dentro de la gama 
vocal. 

Grupos de 12 canales se transfieren y agrupan en 
el Equipo Transferidor de Grupos para producir 
supergrupos, los cuales a su ve son transferidos 
como sea necesario, en el Equipo Transferidor de 
Supergrupos. 
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Todas las frecuencias de portadora que se em- 
plean en estos procesos de modulacién se obtienen 
de una fuente comin de osciladores a cristal de alta 
estabilidad. 

La falta de una via fisica para transmitir CC 
sobre un circuite a portadora requiere el empleo de 
un método de sefializacién en CA. Esta sefiales en 
CA estdn restrictas a la banda de 4Kc/s que se 
asigna a un canal y pueden arreglarse como tonos 
dentro de la banda vocal de 300 a 3400¢c/s o fuera 
de banda entre 3400 y 4000c/s, generalmente 
3825C/s. 

El sistema més simple de frecuencia vocal trans- 
mite sefiales a s5ooc/s interrumpidas a 20c/s. Un 
circuito sintonizado de guardia protege al sistema 
contra la falsa operacién debide a ‘corrientes tele- 
fénicas’. En la actualidad, la mayoria de las redes 
de comunicacién a gran distancia emplean sistemas 
mas complejos de sefializacién usando uno o dos 
tonos. En estos sistemas se obtiene inmunidad en 
telefonia y discriminacién de la sefial empleando cir- 
cuitos sintonizados e impulsos de sefializacién de 
diferentes longitudes; estos sistemas pueden pro- 
porcionar facilidades de sefializaciédn muy com- 
plejas. 

Sistemas de sefalizaci6n que emplean tonos 
‘fuera de banda’ superan el problema de inmunidad 
en telefonia separando las vias telefénica y de sefia- 
lizacié6n por medio de filtros. Desde que las con- 
diciones de sefializacién no estan contenidas ya 
dentro de la banda telefénica, cuando se inter- 
conectan dos canales en audiofrecuencia, se con- 
vierten las condiciones de sefializacién a CC en un 
detector antes de pasarse al sistema siguiente para 
remodulacién. Esto es una desventaja, pues intro- 
duce deformacién de impulsos, limit4ndose asf el 
numero de conexiones en tandem que pueden per- 
mitirse en un circuite sin regeneracién de impulsos. 
Los sistemas de frecuencia telefénica de uno o dos 
tonos no sufren este problema, ya que la conver- 
sién de la sefial de frecuencia telefénica a CC esta 
limitada a las estaciones terminales. 

El costo de la canalizacién puede reducirse un 
poco apartdndose de las normas de canal y grupo 
de la C.C.L.T.T. En algunos sistemas, la banda tele- 
fdénica se limita a 2700c/s. Un arreglo mas atractivo 
es el de aumentar la separacién de los canales de 
4Kc/s a 6Kc/s, sin alterar la norma de la C.C.1.T.T 
de 300 a3 400'c/s ; tales sistemas pueden arreglarse con 
grupos de 8 canales en el espectro de grupo normal, 
y pueden aplicarse a sistemas de radio a través 
de equipos convencionales de transferencia de 
grupos y supergrupos. En este caso se necesitan 


equipos de cafializacién idénticos en ambos ex- 
tremos del sistema. 

Aunque en los EEUU las redes de comunica- 
ciones no conforman estrictamente con las normas 
de la C.C.1.T.T, el sistema Bell emplea la disposicién 
de grupos de 12 canales en la banda de 60 a 108 
Kc/s en sus redes en microondas. 

Un tipo similar de canalizacién telefénica, como 
el que se describe en el pdrrafo anterior, se emplea 
en los sistemas de dispersién troposférica, aunque 
con la mayor posibilidad de desvanecimiento es 
conveniente usar compresores-expansores. Los sis- 
temas de dispersién ionosférica tienen una capaci- 
dad de trafico mds limitada, y solamente emplean 
equipos especializados de canalizacién telegrdfica a 
desviacién de frecuencia. 

Por un tiempo parecié ser atractivo el uso, en los 
sistemas de frecuencias muy elevadas, de la canali- 
zacion de enlaces multiples con divisién del tiempo, 
debido a que era mds compacto el equipo terminal 
empleado. Sin embargo, el sistema no tiene la 
flexibilidad del de divisién de frecuencias y se ha 
limitado su aplicacién a los circuitos punto a 
punto de poco importancia. 
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ALGUNAS CONSIDERACIONES DE UTILIZACION 
QUE AFECTAN EL USO DEL EQUIPO 
AUTOMATICO CORRECTOR DE ERROR EN LAS 
REDES DE TELEGRAFIA EN ONDA CORTA 


por E. G. Copper 


La transmisién del trafico telegrdfico sobre los sis- 
temas de radio se lleva a cabo cada dia mds com- 
binada con codigos ‘protegidos . Estos se emplean 
para revelar la presencia de errores debidos a malas 
condiciones de transmisién y los que, de otra 
manera, pasarian sin ser reconocidos. El mds ex- 
tensamente empleado es un cdéddigo de 7 unidades 
en el cual cada cardcter consiste en 3 elementos de 
‘marca’ y 4 de ‘espacio’. Se dispone de 35 permuta- 
ciones; 32 dan los caracteres del Cédigo Teleim- 
presor Internacional, uno es la sefal (RQ) 
‘pedido de-repeticién’ y las restantes (« y 8) son 
sefiales supervisoras. Si se recibe cualquier com- 
binacién que no sea de 3 marcas y 4 espacios, se 
supone ser esta el resultado de una mutilacién 
durante transmisién y se puede hacer que inicie 
una solicitud de repeticién. 

Al presente la tendencia es de reemplazar un 
simple canal telegr4fico de gran velocidad con 




















un numero de canales teleimpresores a 50 bauds en 
multiplex. En muchos casos, la velocidad media de 
transmisién es menor que esto y en consecuencia 
se usan mds y mas canales igualmente compartidos 
a media o cuarta velocidad. 

En general, para transmisiones de 50 bauds, un 
ciclo de repeticiédn de 4 caracteres es suficiente para 
tomar en cuenta los tiempos de propagacién en 
circuito cerrado. Para enlaces a gran distancia, 
especialmente cuando se emplean estaciones inter- 
medias de retransmisién, puede que no sea suficiente 
el perfodo de 4 caracteres y entonces se emplea un 
ciclo de repeticién de 5 caracteres con canales a 
toda velocidad. Cuando se emplean canales sub- 
dividos, es preferible usar un ciclo de repeticién de 
8 caracteres porque la prdctica internacional im- 
plica la divisi6n en 4 subcanales. Para mantener 
la correcta distribucién de los subcanales durante el 
curso de un ciclo de repeticién, el numero de 
caracteres en el ciclo debe ser un miultiplo exacto 
del numero de subcanales. El receptor deja de im- 
primir por el numero necesario de caracteres y 
entonces recibe, e imprime, una retransmisién de 
los caracteres mutilados. 

El ciclo de repeticién de 8 caracteres consiste en 
la sefial RQ y 7 caracteres. Los 7 caracteres pueden 
ser los 7 ultimos transmitidos, pero desde que solo 
se necesitan 4 considerando el tiempo que toma la 
propagacién, tres pueden ser caracteres de ‘empa- 
quetadura’, siendo el mds adecuado el f desocu- 
pado. Este arreglo necesita la menor capacidad de 
almacenamiento y facilita la modificacién de los 
equipos existentes. 

Cuando se trabaja con dos canales, A y B, se 
invierte el canal B (se le da la relaciédn marca- 
espacio de 4:3), para distinguirlo del canal A. 
Los caracteres se mandan alternativamente de cada 
canal, siendo el agregado total demasiado dificil de 
vigilar usando el equipo normal. Por eso, se emplea 
un escrutifiador automatico que consiste en un con- 
tador de elementos cortos y una alarma. Este vigila 
la sefial y da la alarma cuando, en un perfodo 
determinado, un numero prefijado de elementos de 
sefial estan deformados en un valor mayor del que 
se considera deseable. Ahora quede hacerse una 
inspeccién visual de la distorsién empleando un 
Equipo Medidor de _ Distorsiédn Telegrafica 
(E.M.D.T). 

En el receptor, una vez que estén los elementos 
individuales en fase correcta, se examinan los 
sucesivos grupos de 7 elementos por relacion marca- 
espacio de 3: 4 seguida por la relacién de 4:3. De 
las 14 posiciones relativas entre la sefial de entrada 
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y el circuito de inspeccién, sdlo una de ellas cum- 
plir4 con la condicién ya citada, y en este caso 
se halla el equipo con caracteres en fase. 

Cuando se subdividen los canales principales, 
cada subcanal debe ser encaminado a su propio 
teleimpresor. Por consiguiente, los subcanales deben 
llevar un medio por el cual pueden ser identificados. 
En los equipos que emplean un ciclo de repeticién 
de 4 caracteres se arregla esto transmitiendo in- 
vertido el subcanal A1, permaneciendo derechos los 
demas, A2, Az y A4. El trdfico en el subcanal Br se 
transmite derecho, mientras que los subcanales B2, 
Bz y B4 permanecen invertidos. Cables & Wireless 
Ltd han inventado un sistema automatico de ajuste 
de fase que funciona durante el trdfico y el cual 
necesita que se transmitan los subcanales en un 
ciclo definido de sucesién. El orden practico no es 
de importancia, pero debe ser normalizado; el que 
se adopta es el siguiente Ar, B4, A2, Br, Az, B2, A4 
y Bz. Si el receptor esta fuera de fase, la sucesién 
de relaciones marca-espacio no estard en el orden 
anticipado, pudiendo intercalarse en el circuito un 
dispositivo automatico de ajuste de fase. Durante 
el proceso de ajuste de fase el equipo transmitird 
continuamente ciclos de repeticién, y el circuito 
examinador se desplaza en escalones de un ele- 
mento, relativo a la sefial de entrada, cada vez que 
se recibe un error, hasta que se descubre la con- 
dicién ‘en fase’. Esta condicién se satisface cuando, 
durante un ciclo de repeticién, se reconoce la sefial 
RQ y ademas todos los otros caracteres en el ciclo 
tienen la correcta relaci6n marca-espacio. Este 
método permite el ajuste de fase automdtico de 
sistemas subdivididos bajo condiciones de trdfico 
en un perfodo que generalmente toma menos de 20 
segundos. Esto también asegura que no hayan 
errores en la copia, no haya pérdida de trafico y 
que sea imposible obtener la condicién ‘en fase’ 
cuando la sefial recibida es de polaridad invertida. 

Este sistema puede emplearse con un ciclo de 
repeticién de 4 caracteres. Cuando se emplea un 
ciclo de repeticiédn de 8 caracteres, puede existir 
una ambigiiedad desde que la condicién ‘en fase’ 
se basa en un patrén de inversiones de 4 canales y 
por consiguiente el receptor puede reconocer la 
segunda mitad de un ciclo de repeticién yla primera 
mitad del siguiente como si fuera un ciclo com- 
pleto, resultando esto en errores impresos en la 
copia. Esto se puede evitar construyendo un patrén 
de inversion de 8 caracteres, arreglando la inversién, 
con respecto a sus polaridades nominales, de sola- 
mente cada dos de los caracters Ar y Br. 

Este sistema de ajuste de fase, incorporando un 
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patron de inversiones, también puede emplearse con 
sistemas a toda velocidad y permite el ajuste de 
fase automatico durante el trafico sin el peligro de 
que existan errores impresos al completarse el 
proceso de ajuste de fase. 
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ENTRENAMIENTO DE INGENIEROS 
DE COMUNICACIONES 


por R. G. Hulse 


Es en el interés comun del fabricante como del 
usuario que den los equipos de telecomunicaciones 
por toda au vida servicios digno de confianza y por 
consiguiente ambos deben asegurarse que las 
normas del mantenimiento sean de primera clase. 
La Industria Britanica ofrece cursos prdcticos en 
ingenieria, de hasta dos afios de duracién, a estu- 
diantes extranjeros que han alcanzado, en aus 
propios paises, un nivel de instruccién académica 
adecuada pero en los cuales no existen facilidades 
para darles el necesario entrenamiento practico. 
En algunos paises donde no es conveniente 
adaptar los colegios existentes para dar instruccién 
académica adecuada y en lugar de mandar a sus 
ingenieros al extranjero por largos perfodos de 
cinco aos o mas, (especialmente para el entrena- 
miento de Asistentes Técnicos) es frecuentemente 
mejor pedir ayuda a casas comerciales Britdnicas 
para establecer colegios apropiados en el pafs de 
que se trata. Compafiias que poseen sus propios 
bien establecidos sistemas de entrenamiento y cole- 


gios se encuentran en buena posicién, si es 
necesario, para organizar y mantener un sistema 
de entrenamiento completo en el pafs de que se 
trata y en tiempo apropiado cederle gradualmente 
la direccién del mismo. 

Cuando un cliente compra un equipo de tipo 
nuevo, alguna forma de entrenamiento es necesaria 
para ayudar que sus ingenieros y técnicos ganen 
dominio de las nuevas técnicas y problemas par- 
ticulares relativos al equipo. Aunque el entre- 
namiento en obra puede ser de ayuda, algunas veces 
es necesario que el fabricante proporcione cursos 
de entrenamiento sobre el equipo. Debido al desa- 
rrollo en la complejidad de los sistemas de comuni- 
caciones es muy aparente la necesidad de dar 
instruccién de las ‘técnicas de sistemas’. (Cursos 
de esta clase generalmente duran unos tres meses y 
est4n muy bien equipados para proporcionar entre- 
namiento realfstico y experiencia con t{picos 
equipos.) 

La extraordinaria rapidez con que se extienden 
las redes de radiocomunicaciénes sobre todo el 
mundo (que tiene lugar hoy en dia) impone grandes 
esfuerzos a los departamentos de entrenamiento de 
las industrias y parece que no disminuirdn por 
muchos afios. En verdad, la complejidad del prob- 
lema aumentard a medida que se demanda de los 
ingenieros y técnicos mds y mas conocimiento 
técnico. Es muy poco probable que se permita 
disminuir mds la duracién de la ‘vida de trabajo’ 
de un ingeniero y es as{ que los sistemas de entre- 
namiente, tanto académicos como _ practicos, 
tendrdn que ser culdadosamente revisados mds bien 
que ampliados. 
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Marconi in Telecommunications 





The post and 
telegraph 
authorities 
of more than 
80 countries 
use Marconi 


equipment 





‘sal ARCONI COMPLETE COMMUNICATION SYSTEMS 
SURVEYED + PLANNED - INSTALLED - MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
MI 
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These are the sure yet sensitive 
hands of one of Cable & Wireless 
Limited’s technicians, making 
adjustments to an Interpolator 
used in cable transmission. The 
Interpolator is the essential part 
of the mechanism used to re-form 
signals automatically at the end 
of their journey through a long 
cable, before they are sent into 
another. 





Cable & Wireless Limited owns and maintains wireless 
relay stations on the Commonwealth trunk routes, operates 
the overseas telegraph services of most of the Colonial 
territories, and cable services in various other countrie. 
throughout the world. Furthermore, it owns a world-wide 
network of 143,000 miles of submarine cables and 
maintains it with a fleet of 8 cableships. 


Cable & Wireless I:ta 


+8 MERCURY HOUSE - THEOBALDS ROAD - LONDON - W.C.I 
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Marconi in the 
Oil Industry 


Complete Telecommunications 
Systems for survey teams, refineries, 
pipeline control and ship-to-shore 
installations, including telephony, 
telegraphy and teleprinter networks. 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
SURVEYED - PLANNED - INSTALLED - MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
M.C.1. 
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introduces— 
Transmission 

Equipment type Ao 
eM. | nnn 


Illustrated is a rackside of telephone 
channelling equipment for cable or radio systems 


* Fully transistorized 

* C.C.1.T.T. performance 

* For existing or new installations 
** Modern components, methods and design 


+ With inbuilt outband signalling 


MODERN 
MODERN COMPONENTS MODERN CIRCUITRY MECHANICAL DESIGN 










=x NUTOMATIC TELEPHONE AND ELECTRIC CO. LTD. 
STROWGER HOUSE, ARUNDEL ST., LONDON, W.C.2. 
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A NEW WORD IN COMMUNICATIONS 


AUTOPLEX 


Transmission over high frequency and VHF ionospheric 
scatter telegraph circuits of direct teleprinter traffic on 
a telex system demands substantially error-free trans- 
mission characteristics. Under these conditions, and also. 
for data transmission circuits, the possibility of repetition 
often does not exist. 

The alternative to greatly increased transmission power 
is the use of an error detection and correction arrangement. 

The Marconi Autoplex equipment which is now in 
production has been designed to carry out the detection 
and subsequent correction of errors automatically. The 
equipment, which can be applied to existing HF telegraph 
circuits, provides 2 channels in time division multiplex 
for 100 baud circuits, and two equipments can be com- 
bined to give 4 channels where 200 baud circuits are 
available. 


MARCONI | 
AUTOPLEX | 


AUTOMATIC ERROR CORRECTING EQUIPMENT i 





MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND Bit 
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For 
simplicity 
and speed 
in mast 
erection 


The BICC Unit Radio 
Mast is made up from identi- 
cal 10 foot sections. Designed 
to meet the demand for an in- 
expensive, light, transportable 
aerial supporting structure, it 
is already in use in 25 countries. 





Sections are supplied from stock complete with 
stay ropes, anchors and accessories ready for 
immediate erection. 

These Unit Masts can be built to a maximum 
height of 150feet at which they will carry a1,000lb. 
head load and withstand a roo m.p.h. wind. 

An added advantage : BICC Unit Radio Masts 
are easily erected by unskilled labour with a 
minimum of supervision. 


For full details of construction, erection and price, see 
our Publication No. 8, available on request. 


TUNG oni RaDio MAST 





as supplied to 
Marconi’s Wireless Telegraph Company Ltd. 





British Insulated Callender’s Construction Company Ltd. 30 Leicester Square, London, W.C.2 
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When VHF takes over 


all normal line facilities are retained 


| Type RL V.H.F. takes over 


where landlines are 
impracticable or uneconomic. 
It provides the complete 
answer to communication 
problems involving the 
integration of radio circuits 
with telephone networks. 

It provides interworking 


i between auto or manual 

| subscribers and any type of 

j exchange without 
disturbance of existing 


equipment. Power may be 
derived from a car battery 
on a monthly charge 

basis or from a.c. mains 

if available. 


Specifically designed to extend all normal telephone 

facilities over FM or AM V.H.F. links, 

Normal range 25 miles. 

Operates on 156-184 or 54-84 MC/S bands. 

Audio bandwidth 300-3000 C/S. 

Power consumption: Transmit 1.15A, Receive 1.1A (subscriber's unit). 
Subscriber Unit, Pole Mounted, Weight 12.27 KG. 












AUTOMATIC TELEPHONE 


& ELECTRIC COMPANY LIMITED 
STROWGER HOUSE, ARUNDEL ST. LONDON, WC2 


MARCONI’S WIRELESS TELEGRAPH 


COMPANY LIMITED 
MARCONI HOUSE, CHELMSFORD, ENGLAND 
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NEW! A 500-Mc/s VOLTMETER 


for £47 


IMMEDIATE DELIVERY 





VACUUM - TUBE VOLTMETER 
TYPE TF 1300 ala 
MEASURES AC UP ISI As 


MEASURES p.c. up to eg 
MEASURES OHMS UP to 











The TF 1300 is the newest product of the 
Marconi voltmeter design programme. It 
has five a.c. measurement ranges, five d.c. 
ranges, and two ohms ranges. It is accur- 
ate, reliable, good to look at; and its 
price is low. 
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The indicating meter is direct reading on 
all ranges, for all measurements ; no cor- 
rection factors are necessary. Zero stability 
is of a high order ; and only one zero setting 
is required for all a.c. or all d.c. ranges. 
Both a.c. and d.c. inputs are isolated from 
chassis. 

All-in-all, the TF 1300 is an outstanding 
achievement. A skilful combination of per- 
formance and economy, it offers the highest 
value of any voltmeter in its class today. 





2 
ta AM & FM SIGNAL GENERATORS AUDIO & 
VIDEO OSCILLATORS FREQUENCY METERS 

MARCONI VOLTMETERS - POWER METERS - DISTORTION 

METERS FIELD STRENGTH METERS 


INSTRUMENTS 





TRANSMISSION MONITORS - DEVIATION METERS 
OSCILLOSCOPES, SPECTRUM & RESPONSE 
ANALYSERS - Q METERS & BRIDGES 








MARCONI INSTRUMENTS LTD - 


ST. ALBANS - 


HERTS ~- TEL: ST. ALBANS 56161 


London and the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234 


Midlands: Marconi House, 24 The Parade, Leamington Spa. 
North: 23/25 Station Square, Harrogate. 


Tel: 1408 
Tel: 67455 





TC 134 














